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A SCIENTIFIC CORNER 


WHERE OPTICAL PROBLEMS ARE DISCUSSED AND 
THE SOLUTIONS, AS SOLVED BY EXPERIENCE, INDICATEDI 
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BIFOCALS FOR MYOPES 


It is an established fact that myopes have a lot of | From the foregoing it would seem that if the base 


trouble becoming adjusted to bifocals. Hyperopes prism found in the segments of myepic_ bifocals 


usually have very little trouble, and people wearing — could be neutralized, the problem would 


cataract bifocals no trouble at all if the lenses are be solved. We have found this to be 


well designed and if the segments are properly true. We have also found that the only 
placed practical way to accomplish this neu- 
Phe reason that myopic bifocals are troublesome ‘alization is by “slabbing off” the 


lies in the fact that through the segments, even of proper amount) trom the bifocal seg- 


\ 
the best available bifocals, base down prism is Ments. See figure < Ls 
encountered (Fig. 2) 


If we take a case requiring O.U.—6.00 
with a + 2.00 add made up in a small segment 
bifocal, we would “slab off” 4.8 degrees of prism 
base up from both segments. (6 .& — 4.8) that 
is, the distance correction through the 90th meridian 


eae times .8, the distance in ems, from distance center 


to reading point, equals the amount of base down 
(Fig. 1) 


prism that must be neutralized 


This base down prism makes objects appear farther 


\ case requiring O.D.—5.00 and O.S.—7.00 would 


away and higher than they really are. See figure 1 : ; 

: ; : have a 4 degree prism base up slab off on the right 

The myope, before bifocals fixed his line of vision : 

and a 5.6 degree prism base up slab off on the 

through a point 8 mm. below the distance center, 
left lens 

invariably tipped his head and looked through a 


point near the distance center, thus avoiding pris- In this case, two things would have been accom- 


matic effect. The hyperope on the other hand is not plished the annoying base down prism would 
troubled by the base up prism he encounters and have been neutralized and the induced vertical im- 


no difheulty 


has little or with bifocals balance corrected 


“WE IT'S A LENS PROBLEM, LET’S LOOK AT IT TOGETHER” 


: 
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CONFIDENCE... 


. Professional reputations are built on confidence. 

- Your learning and skill and judgment would be 

ie 5 fruitless unless you strove to achieve faith on the 

part of your patients. And even when you have 

QUALITY SERVICE won this trust all your effort is at the mercy of 
Technical skills and ts those who interpret your prescriptions. 

‘services that will ‘Here at Dow we pride ourselves on the impec- 

cable quality of our eye-wear, which results 

inevitably from our scrupulous selection of only 

top-grade materials . . . from the care with which 

we grind and polish and edge our lenses . . . from 

our expert placement of them before the eyes in the 

very best of mountings. All this and more we do... 

that your patients may have fullest confidence in you. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 
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CORTOGEN’” 
Acetate 


dramatic 
results in 
inflammatory 
and allergic 
eye disorders 


CORTOGEN 


(cortisone acetate) 
Ophthalmic Suspension —Sterile 


FINE SUSPENSION—NONIRRITATING 
* microcrystalline cortisone * superior dispersing qualities 
* uniform, accurate dosage 


UNIQUE STERILE CONTAINER 


* initial sterility assured * contamination curtailed 


Cortocren® Acetate (cortisone acetate-Schering) Ophthalmic 
Suspension-Sterile, 0.5% and 2.5%, in 5 cc. dropper bottles. 


CORPORATION + BLOOMFIELD, NEW JERSEY 
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Coming eclipse? 


Time and again, from almost 
imperceptible beginnings, the use 

of modern plastics in countless familiar 
articles has gradually overshadowed 
the use of metal, wood, glass, shell. 


millions now wear plastic lenses 
Millions of people the world over wear I-Gard N on-Shatt — 


lenses. And in America, as the amazing 
roperties of science’s newest medium for : 
Proj Fog-Resistant 


visual protection become more widely known, 


I-Gards are replacing glass lenses at an ever : Feather-Light 
Water-White 


increasing rate. 


this ‘‘eclipse’’ would brighten : 
The ascendancy of I-Gard plastic lenses Clearer Vision 


casts no shadow. These modern, crystal- 5 : 
‘More Becoming 


clear lenses brighten the world for every 
wearer. Through them, the age of plastics 
moves to make seeing clearer as well as 
safer—with feather-weight comfort. 


Write for the full l-Gard story — and the 
name of your nearest 1-Gard distributor. 


PACLEOD OPTICAL COMPANY, INC. 


357 Westminster Street, Providence 1, R. I. 
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Panoptik Large Seg has segment 
24mm wide x 16mm high. As compared 
with other segments, it provides widest 

reading field at accustomed 
reading level, and yet provides an 
extra area of distance 
correction on the sides. 


Widest reading field—at normal level of reading habit— 
is provided by the Panoptik Large Seg bifocal. 

Yet, because of Panoptik scientific reading segment 
design—“‘flat” top with rounded corners—this reading 
field is achieved with minimum encroachment on distance 
portion. Admirably suited to decentration of segment 
to obtain nominal amounts of prism base-in or -out. 

In any prescription it affords your patients the required 
wide comfortable reading field, but makes possible 

the safety of “all-around” distance correction. 

Orthogon Panoptik Large Seg is not a‘‘special” lens, 

but a standard product regularly stocked and available 

on regular R from your laboratory or supply house. 


In Soft-Lite, too 


NEW CENTURY 
OF OPTICAL 
PROGRESS 


BAUSCH & LOMB 
CENTENNIAL 


: 
quire 
te 
: 4 
“G53 
Py 
/ 


IT LOOKS LOVELY 
AND IS 


Rich is the word for it when you 


describe Colorcrest. Its Mellogold 
filled front shows off like a jewel 
against its backing of ebony 
plastic. Its individuality has 


a special appeal to women. 


Colorcrest has the easy to handle 
Crestline construction and is cush- 


ioned against breakage. 


Bridge is 1OK gold, the balance 
1/10 12K gold filled. 


You can also get Colorcrest with 
Rhodium plating. This black and 
white combination is wonderful 


with gray or gray-flecked hair. 
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an agent 
of choice i 
ocular 


erramycin 
BRAND OF OR WTETRACYCLINE 

The wide range of causative organisms sensitive to 

well-tolerated Terramycin makes this promptly effee- 

tive, broad-spectrum antibiotic an agent of choice in 

the treatment of many common ocular infections in- 

cluding conjunctivitis, blepharitis, trachoma, scle- 

ritis, keratitis, iritis, dacryocystitis, corneal ulcers. 

Terramycin is supplied in convenient: preparations 


for both topical use and for systemic therapy. 


TERRAMYCIN -in convenient dosage forms for 


the treatment of ocular infections. 


PFIZER LABORATORIES, Prook/yn 6, 


niv 


SION. CHAS PFIZER & INC, 
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Designed to correct the faults of many existing 
instruments, the newest improved Sklar model 
Schiotz Tonometer meets the specifications 
adopted by the American Academy of 
Ophthalmology and Otolaryngology. It also 
conforms to the basic requirements of the 
original Tonometer projected by Professor 
Hjalmer Schiotz in 1905 and modified by him 
in 1925. 


All parts, except the frame, are of non- 
magnetic stainless steel. The moving parts 
are fitted to close tolerances in weight and 
be ce to minimize friction. 


Several improvements make the instru- 
ment more practical and easier to use 
and keep clean: 


1) a newly shaped hammer; 


ae jewel mounted plunger to minimize 
friction; 
© inclined scale with mirror to overcome 


the error of parallax and three extra 
weight loads, 7.5, 10 and 15 grams. 


The 5.5 gram weight is held in place in 
ake os the plunger by a clip application, thereby 
No, 320-525 Fe simplifying the removal of the plunger 
$60 Lf for cleaning. Each instrument tested and 
certified by Electrical Testing Laboratories, 
Through Your Dealer ‘ Inc., New York City. 


American Made Stainless 
Steel Complete in Case 


Complere detailed directions for use with 


SKLAR 


PRODUCTS 


Long Island City, N. Y. 
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OF Intra-Ucular Pressures anc 
Gra included with each instrument. = 
J. SKLAR MANUFACTURING CO. - 


Fast-acting, long-acting Privine hydro- 
chloride — widely demonstrated as a 
nasal decongestant — is now available in 
a specially prepared ophthalmic solution. 


Privine Ophthalmic Solution has been 
found to exert “prolonged decongestant 
effect” in conditions marked by in- 
creased ocular vascularity.’ In allergic 
conjunctivitis, Privine Ophthalmic Solu- 
tion was found “to decrease... photo- 
phobia and tearing.” In chronic 
catarrhal conjunctivitis, “favorable 
symptomatic responses” were noted.’ 


Privine’ ‘ 


CHING 


... with a 
potent 
proved decongestant 
im neu 
ophthalmic 


solution 


was re- 
ported by these investigators. Likewise, 
they found no instance of secondary 
vascular engorgement, no significant 
effect on accommodation or pupillary 
response and, “In no case was glaucoma 
precipitated or aggravated.” 
Supplied: Privine (brand of naphazoline) 
hydrochloride 0.19% Ophthalmic Solution 
in 4-02. bottles, with dropper. 


1, HURWITZ, AND THOMPSON, J. ARCH. OPMTM. 1088. 


Solution 


Ciba, Summit, N. J. 
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PROOF “Unretouched photographs. 
that MODERN 's Threshold-Welding 


gives high-fidelity definition... 
no distortion, no aberration — 


; heat 


Your SKILL deserves ... your PATIENT expects... the BEST! 


Only high-fidelity definition assures the comfort, satisfaction 
and protection the prescription demands. 


INSIST... for patient comfort, satisfaction, 


protection... MODERN!” 
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of the most umportant contributions 


to ophthalmologic therapy in a decade...” 


ACETATE 
(CORTISONE ACETATE, MERCK) 


ANTERIOR CHAMBER 


TOPICAL THERAPY 

Nonspecific superficial keratitis 

Deep keratitis 

Acne rosacea keratitis SYSTEMIC THERAPY 

Ophthalmic herpes zoster 

Sclerokeratitis 

Phlyctenular keratoconjunctivitis 

Allergic conjunctivitis 

Vernal conjunctivitis 

Chronic conjunctivitis (antibiotics 
also may be required) 

Acute iritis 

Chronic iritis 

Recurrent marginal ulceration 


Iritis and iridocyclitis 
Chorioretinitis 
Nonspecific choroiditis 
Nonspecific uveitis 
Retinitis centralis 
Ophthalmic herpes zoster 
Optic neuritis, including 
retrobulbar neuritis 
Sympathetic ophthalmia 
Uveitis following surgery 
1. Fine, M., and Goodwin, R. C.: 
A.M.A. Arch. Ophth, 47;:787-797, June 19582. 


Manufacturing Chemists 


for its brand of cortisone. 


Corvone ts the registered (4 . M E R Cc K & it O., I NC. 
trade-mark of Merck & Co., Inc. | i 


RAHWAY, NEW JERSEY 
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DELUXE 

FLOOR MODEL 
Base matches colors 
of AO refracting 
units. 


STANDARD 
FLOOR MODEL 
Black wrinkle fin- 
ish, attachment for 


slide box. 


Use on any desk, 


forany REFRACTING ROOM 


You can enjoy the advantages of subjective testing with 
the time-saving AO PROJECT-O-CHART and its variety 
of test slides. If your refracting room presents projection 


problems because of size or arrangement, there is a 


Project-O-Chart, in most instances, that can be adapted 
to your individual needs. Ask your AO Representative 
for a demonstration. He will be glad to describe the six 
different models and show you the wide range of test 


slides available for your use. 


WALL MODEL UNIT MODEL PORTABLE MODEL 


Desirable where Mounts by bracket Same as table model 
floor space is at 4 on refracting unit. with screen and 
premium. carrying case. 


American Optical 


(AD) INSTRUMENT DIVISION 


BUFFALO. 15. MEW YORK 
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OW MORE ACCURATE VISUAL DIAGNOSIS 
N IN THE EYE, EAR, NOSE ano THROAT 
WITH THE NEW, IMPROVED 


DIAGNOSTIC 


American Cystoscope Makers offers the medical profession 
the finest line of Diagnostic Sets in its entire history. These 
new sets incorporate the outstandingly important feature 
—exclusive with the ACMI ophthalmoscope — of a coated 
lens system, greatly increasing the amount of light trans- 
mitted, improving definition and clarity of the image, and 
eliminating halo, flare and ghost images. 


Catalog N 
STANDARD SET comprises ophthalmoscope head (with 
built-in color filter and aperture changer), otoscope head 
with 3 specula, medium battery handle and one spare 
lamp, in plush-lined case, with space for additional specula 
and tongue depressor. 


COMPACT SET, for the practicing physician, includes 
ophthalmoscope head (with built-in color filter and aper- 
ture changer), otoscope head, 5 ear and 1 nasal specula, 
small battery handle and extra lamp. Additional space for 
tongue depressor and more specula. 


LARGE SET contains otoscope head, 5 ear and 1 nasal 
specula, ophthalmoscope head (with built-in color filter 
and aperture changer), large battery handle, 1 extra 
lamp, with provision in case for tongue depressor head, 
additional specula and lamp replacement. 


PROFESSIONAL SET. This, the most complete Wappler 
set, incorporates an otoscope head with 5 ear and 1 nasal 
specula, tongue depressor head, ophthalmoscope head 
(with built-in color filter and aperture changer), large bat- 
tery handle, extra lamp, and rubber bulb for insufflation. 


AMERICAN CYSTOSCOPE MAKERS, INC. 


Frederick J. Wallace, President 


1241 LAFAYETTE AVENUE - NEW YORK 59, N. Y. 
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SURGICAL INSTRUMENTS CO., INC., 


520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 PARIS 


GRIFFITH-ROGERS TRIAL FRAME 


This trial frame is a simple but sturdy and easily adjustable frame that is designed 
for rapid routine examinations over a long period of time. It will stand hard usage. 
Interpupillary distance is adjustable by means of a rack and pinion and the bridge 
height is adjusted by the same knob. Bridge may be locked. Temples are of spring 
steel to support the frames in position. Protractor is black with white letters and there 
are two front and one rear pairs of slots for the trial lenses. In stainless steel. 

Price $25.00 


For Cases of Subnormal Vision 


Experience has shown that Spectel 
Telescopic Spectacles effect sub- 
stantial improvement in many cases 
of low visual acuity. Available in 
two powers, Spectels provide retinal 
image magnification of 1.7 or 2.2 
diameters. 


Prescribing Spectel telescopic spec- 
tacles is primarily an extension of 
regular refracting routine. Trial sets 
are simple to use and moderate in 
price. 

Full details in bulletin 302 available 
from your supply house or direct 
from us. 


KOLLMOI 


Distributed in Canada by 
Imperial Optical Company / Bian. Northampton, Massachusetts CORPORATION 
New York Office: 30 CHURCH ST., NEW YORK 7, N. Y. 
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THE LYLE MAJOR 
AMBLYOSCOPE 


(Standard Model) 


Incorporating the proven features of 
previous Synotype apparatus with the 
suggestions of Mr. Keith Lyle, the 
Lyle Major Amblyoscope is 


The Most Advanced British Orthoptic Apparatus Produced 


Specially manufactured to meet the demands of present day technique, the Lyle Major 


Amblyoscope, Standard Model, incorporates the following improved features : 


1, Elevation and Depression Device 6. Hinged Mirrors and Reflectors 10. Concealed wiring 
2. Increased range of Duction Control 7. Noiseless Slide Carriers LL ee et ~-paaeaae circuits to each 
optical tu 
3. Non-slip Duction Locks . ai j . 
8. and 12. Improved hand flashing switches 
4 ICP CASE strer 
4. Increased Hyperphoria Movement 13. Provision for automatic moving 
S. Transparent breath shield 9. Large, easily visible scales Picture attachment 


Spectalists in Orthoptic Equipment including : 


MOORFIELD'S SYNOPTOPHORE + HESS SCREENS CHEIRO- 
SCOPES WORTH's 4 DOT TEST DIPLOPIA GOGGLES ROTA}- 
TING TEST MADDOX HANDPRAME MADDOX WING TEST 
BAR READERS ETC 


of England + 63, WIGMORE STREET, LONDON, W.1 


SOLE AGENTS IN U.S.A. CURRY & PAXTON INC, (Dp) 101 PARK AVENUE, NEW YORK 17. TEI: LEXINGTON 2-7842 
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Priceless Priceless 


FLUORESCEIN SOD. 2% 


STERILE 


Made under supervision of Robert R. Feinstein Research Associates 


IS NOT FOR SALE 


As a service to Ophthalmologists 
7’ cc. Dropper Sealed Bottles are obtainable 
Free of Charge Upon Request 


Please Send STERILE OPHTHALMOS, INC. 


FLUORESCEIN SOD. 2% 4808 Bergenline Ave. 
and OPHTHALMOS literature Union City, N. J 


Pin to Letterhead 


OPHTHALMIC INSTRUMENTS 
OF PRECISION 


15 WIGMORE STREET, 
LONDON, 
ENGLAND. 
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Che Guild of Prescription 
Opticians of America, Jue. 


cordially invites you 


to attend its presentation 


of 


OPTICAL DEVICES FOR 
INFREQUENT OCULAR CONDITIONS 


available to the Ophthalmologist 
for his patients 


on a series of colored slides 
at Booth No. 43-44, in the Main Hall, at 
The 58th Annual Convention 
of 
The American Academy of Ophthalmology 


and Otolaryngology 
at 
The Palmer House 
Chicago, Ill. 
October || through October 16, 1953 


Che Guild of [Preseription 


Opticians of America, Ine. 
110 E. 23rd Street New York (10) N.Y. 
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Hold on to your hat, too! Here comes 
by Victory! 


Tang comes to you individ- prc 
ually packaged in a rich a . ++ FRESH as a sea breeze . . . saucy as a school- 


brocade case girl... T'ang, the pert new frame style by Victory 
to win women’s hearts with its graceful, upswept 
lines that accentuate the youthful. 


In striking colors and combinations, with beauti- 
fully designed trim of 1/10 12K gold filled. 


Colors: Slate Blue, Black, Brandy, Bronze, Slate 
Blue on Crystal, Black on Crystal, Brandy on 


(Style #808) Crystal, Bronze on Crystal. 


Available through your Optical Supplier AAlle TORY OPTICAL 4 


MANUFACTURING COMPANY 
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COMPARATIVE CHEMISTRY OF AQUEOUS HUMOR IN POSTERIOR 
AND ANTERIOR CHAMBERS OF RABBIT EYE 


Its Physiologic Significance 


V. EVERETT KINSEY, Ph.D. 
DETROIT 


Hie PURPOSE of this investigation was to determine the concentrations of 

most of those constituents of the aqueous humor of the posterior chamber, 
relative to those in the plasma and the aqueous humor of the anterior chamber, that 
contribute appreciably to the osmotic pressure of this fluid. Knowledge of the com- 
parative concentrations of these constituents in the three fluids makes it possible 
to draw further inferences concerning the mechanism by which the aqueous humor 
is formed, 

Little is known concerning the nature of the aqueous humor of the posterior 
chamber. Coincidental to an investigation on another subject, I found that the 
osmotic pressures of the aqueous humor in the two chambers are the same‘; this 
indicates that the total concentrations of dissolved substances are also very nearly 
the same. Ilowever, the aqueous humor of the posterior chamber was shown to 
contain about one and a half times as much ascorbic acid as that in the anterior 
chamber,? and approximately an equal concentration of chloride."’ The results of 
the present investigation confirm the observations made previously on the osmotic 
pressure and concentrations of ascorbic acid, but a small, although highly significant, 
difference was shown to exist in the concentrations of chloride in the aqueous humor 
of the two chambers. 

METHODS 

Albino rabbits approximately 9 months old were used in all the experiments. The animals 
were fed Rockland rabbit ration and were given water ad libitum. They were removed from 
the cages with care in order to avoid excitement. Samples of blood were taken by heart puncture 
prior to the withdrawal of aqueous humor, and in the event that a rabbit struggled during this 
procedure the animal was not used in the experiment. 

For the withdrawal of aqueous humor the rabbit was bound in a cloth especially designed to 
restrain it while samples were taken. The head of the animal was inserted through an opening 
in the cloth, and the edges of the cloth were drawn taut and held together with ordinary storage 
battery clips. 

A topical anesthetic (1% tetracaine [pontocaine| hydrochloride) was instilled before aqueous 
humor was withdrawn. Animals with inflamed eyes were rejected. Eyes were fixed by proptos 
ing, and aqueous humor was removed from the eye with a special calibrated micropipette * 


From the Kresge Eye Institute. 


1. Kinsey, V. E.: Chemical Composition and Osmotic Pressure of the Aqueous Humor 
and Plasma of the Rabbit, J. Gen. Physiol. 34:389, 1951. 


2. Kinsey, V. E.: Dehydroascorbic Acid—Ascorbic Acid in the Aqueous Humor of Rabbits, 
Am. J. Ophth. 33:257, 1950. 
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containing a sealed-in hypodermic needle. For experiments in which the osmotic pressure of the 
aqueous humor was to be determined, the micropipette was inserted into a ground-glass fitted 
cap. This procedure was necessary to prevent evaporation during the time which elapsed 
between using different portions of the same sample, as required in making the determination 

Samples of aqueous humor from the posterior chamber were withdrawn by inserting the 
needle of the micropipette through the sclera just posterior to the ciliary body. The needle was 
inserted in such a manner that it lay parallel with and just posterior to the ciliary processes. In 
the case of the albino rabbits used, the needle could be seen behind the iris, and so its position 
was easily ascertained. If the amount of fluid obtained was not at least 20 cu. mm., the quantity 
could usually be increased by gently changing the position of the pipette, often in such a way 
that the needle lay partially crosswise to the ciliary processes. In those few instances in which 
samples were contaminated with blood, they were discarded. 

Blood samples were withdrawn into a syringe containing heparin dissolved in a solution of 
isotomie sodium chloride solution. The volume of heparin solution was less than 1% that of the 
blood. In those instances in which carbon dioxide or chloride analyses were to be performed on 
plasma, the blood was introduced beneath liquid petrolatum U.S. P. (paraffin oil) directly into 
centrifuge tubes prior to centrifugation. When pooled samples were employed, plasma from 
each animal was pooled in quantities proportional to the amount of aqueous humor pooled 
The chemical analyses were performed by the following methods. 


Chemical 
Constituent Method 

Chloride Titration with mercurle nitrate without removal of protein.® The values for 
all chloride analyses on plasina were increased by 2 1M per kilogram of 
water to compensate * 


Total carbon Van Slyke gasometric procedure © 
dioxide 


Aseorbie acid 


Titration in 4% metaphosphoric acid filtrate with 2,46-dichlorophenolindo 
phenol 


Lactate Oxidation to acetaldehyde and colorimetric determination of the product 
formed with parahydroxybiphenyl! * 
Phosphate Colorimetric method of Fiske and SubbaRow * 
Sodium Gravimetric method of Butler and Tuthill 
Nonprotein Nessler method as described by Folin '° 
nitrogen 
Urea Miecrodiffusion method of Kinsey and Robison !! 
Glucose Authbrone and Folin. Malinaros methods 


3. Schales, O., and Schales, S. S.: A Simple and Accurate Method for the Determination 
of Chloride in Biological Fluids, J. Biol. Chem. 140:879, 1941. 

4. Kinsey, V. E.: Aqueous Humor/Plasma Chloride Ratios in Rabbits, Dogs, and Human 
Beings, J. Gen. Physiol. 32:320, 1949 

5. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Vol. 2: Methods, 
Baltimore, Williams & Wilkins Company, 1932 

6. Mindlin, R. L., and Butler, A. M.: Determination of Ascorbic Acid in Plasma: Macro- 
method and Micromethod, J. Biol. Chem. 122:673, 1938 

7. Barker, S. B., and Summerson, W. H.: Colorimetric Determination of Lactic Acid in 
Biological Material, J. Biol. Chem. 198:5235, 1941. 

8. Fiske, C. HL, and SubbaRow, Y Colorimetric Determination of Phosphorus, J. Biol 
Chem. 66:375, 1925 

9 Butler, A. M., and Tuthill, FE An Application of the Uranyl Zine Acetate Method for 
Determination of Sedium in Biological Material, J. Biol. Chem. 98:171, 1931. The sodium 
analyses were performed by Miss. G. Margaret Ruarke of the chemistry laboratory of the Massa 
chusetts General Hospital, Boston. 

10. Folin, O.: Laboratory Manual of Biological Chemistry, Ed. 5, New York, Appleton 
Century-Crofts, Ine., 1934, p. 265 


Il. Kinsey, V. E., and Robison, Po: Micromethod for the Determination of Urea, J. Biol 
Chem, 162: 325, 1946, 

12. Durham, W. F.; Bloom, W. L.; Lewis, G. T., and Mandel, E. E.: Rapid Measurement 
of Carbohydrate in Blood: Preliminary Report, Pub. Health Rep. 65:670, 1950. Folin, O.. and 
Malmaros, H \n Improved Form of Folin’s Miero Method for Blood Sugar Determinations, 
J. Biol. Chem, 83:115, 1929, 
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rhe relative concentrations of potassium in aqueous humor and plasma were determined 
after intraperitoneal injection of 0.5 gm. of potassium carbonate (containing K4*). The usual 
radioactive technique, employing a thin window counter and decade scaler, was used to determine 
the relative concentrations of radioactive potassium. The amount of potassium injected possessed 
a total radioactivity of 4 * 106 counts a minute, which, because of relatively low specific 
activity, increased the total potassium in the rabbit by approximately 50%.. No signs of toxicity 
were observed. Samples of aqueous humor and plasma were obtained 19 hours after the injec- 
tion, at which time it was assumed that a steady state had been established 

The hydrogen ion concentration of the samples of aqueous humor was determined by a 
colorimetric method designed especially for obtaining accurate measurements of pH with small 
quantities of fluids containing carbon dioxide as a part of the buffer system. To my knowledge 
the procedure is new, and is as follows: A dye solution is prepared by diluting in a glass- 
stoppered volumetric flask 0.8 ml. of a stock aqueous solution (0.1% ) of phenol red to 100 ml. 
with isotonic sodium chloride solution made with distilled water which has been recently boiled. 
The pH of this solution is adjusted to approximately 7.5 (medium red-orange color) by adding 
a drop or two of 0.01 N sodium hydroxide. If the pH is raised too high by the addition of 
sodium hydroxide, it can be lowered conveniently by blowing into the flask and inverting it 
several times. The dye solution should be kept stoppered, since absorption of carbon dioxide from 
the air will lower the pH, as can be seen by the change of color from red to orange to yellow. 
Should this occur, the pH can be raised again by adding more sodium hydroxide solution, but 
the number of these additions should not exceed three or four, owing to formation of sodium 
bicarbonate, which will form a buffer and influence the pH of the solution after the introduction 
of the sample. 

A fixed but not critical amount of the dye solution is now introduced into the bottom of a 
colorimetry test tube (1 used 1.75 ml.). The dye solution should not be permitted to run down 
the side of the tube, since this would increase the absorption of carbon dioxide. The tubes are 
stoppered at once. If the color in any tube indicates that the pH has changed materially from 
7.5, the sample should be discarded, Fifty cubic millimeters of the sample to be tested is now 
carefully introduced as far beneath the surface of the dye solution as possible. In the present 
experiment the samples were delivered into the tubes directly from the micropipettes used to 
obtain the samples of aqueous humor, thus preventing loss of carbon dioxide by minimizing 
contact with the air. 

After delivery of the sample, the pipette is gently withdrawn from beneath the surface of 
the dye solution and melted paratiin (melting point 56 to 58 C.) at approximately 65 C. is care 
fully poured down the side of the test tube. The test tube is then placed in a water bath at 38 to 
39 C., and after the paraffin has solidified, the dye solution is stirred by gently inverting and 
rotating the tube. The progress of mixing the sample and dye can be followed visually by 
observing the differences in color between the portion of the solution containing the sample and 
the unmixed dye solution. Inspection also serves to make certain that mixing has not occurred 
before the paraffin has solidified. Rarely will the solution creep past the paraffin seal, with 
consequent loss of carbon dioxide. 

After the sample is mixed with the dye, the tubes are replaced in the water bath until the 
solution has reached 38 or 39 C.) The amount of light absorption at 563 ma is then measured in a 
spectrophotometer. In the present study a Beckman instrument was employed, the exit slit of 
which was partially blocked with a brass disk containing a hole in the center with a diameter 
of 14 mm. The disk with the restricted aperture was employed because of the small volumes of 
solution used. 

The numerical value of the pH is read from a standard curve relating density and pH. The 
curve is prepared from data obtainable by treating a series of phosphate buffer solutions of known 
pH in the manner described above. In the present instance, a density of 0.68 corresponded to a 
pH of 7.40, and a density of 0.935, to a pH of 7.50. The relation is essentially linear in this 
range of pH. 


Unless the method has been fully standardized, the precaution should be taken (as it: was 


in the present investigation) of preparing a new standard curve cach time a set of experimental 


samples is tested. Further use of the method may show that this precaution is unnecessary. In 
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the present instance, when less than 50 cm. mm. of aqueous humor was obtained from the pos- 
terior chamber, a volume of aqueous humor from the anterior chamber identical with that which 
was obtained from the posterior chamber was used for the determination of the pH. 

The osmotic pressure was measured by the thermoelectric method of Baldes,'* using appa- 
ratus and conditions as modified by Kinsey.’* Absolute values, in terms of equivalent osmotic 
pressures of solutions of sodium chloride, were obtained by calibrating with solutions of known 
strength. 


RESULTS 


Chloride —The average concentration of chloride in the aqueous humor of the 
posterior chamber was 100.0 mM per kilogram of water. This is 5.1 mM per kilo- ' 
gram of water less than in the anterior aqueous, and 11.8 mM per kilogram of 
water less than in the plasma (‘Table 1)."° 

The mean excess over 1.0 (0.051) of the ratio of concentration of the anterior . 
aqueous to posterior aqueous is highly significant, as the standard error of the mean 
excess is 0.0056. (The probability that the excess occurred by chance is less than 
im 


Bicarbonate.—Vhe concentration of bicarbonate in the posterior aqueous (34.1 
mM per kilogram of water) exceeded that of the anterior aqueous in every one 
of the 23 instances (Table 2). The average difference was 6.4 mM per kilogram 
of water. The concentration in the posterior aqueous exceeded the concentration 
in the plasma by 10.1 mM per kilogram of water. The average ratio of the con- 
centration of bicarbonate in the anterior aqueous to that in the posterior aqueous 
was 


Lactate—The concentration of lactate in the posterior aqueous (11.2 mM_ per 
kilogram of water) was 0.9 mM per kilogram of water less than that in the anterior 
aqueous and 3.mM _ per kilogram of water greater than that in the plasma (Table 3). 
The average ratio of concentration of lactate in the anterior aqueous to that in the 
posterior aqueous was 1.09. 


Ascorbic Acid.-The concentration of ascorbate in the posterior aqueous (1.30 
mM per kilogram of water) was greater than that in the anterior aqueous by 
0.34 mM per kilogram of water and exceeded that in the plasma by approximately 
1.28 mM per kilogram of water (Table 4). The average ratio of concentration of 
ascorbate in the anterior aqueous to that in the posterior aqueous was 0.75. 

Phosphate.—The concentration of phosphate in the posterior aqueous (0.52 mM 
per kilogram of water) was less than that in the anterior aqueous by 0.37 mM_ per 
kilogram of water, and the ratio of concentration in the anterior aqueous to that 
in the posterior aqueous was 1.8 (Table 5). The concentration of this ion in the 
fluid of the posterior chamber was less than that in the plasma by approximately 
1.0 mM per kilogram of water. 


Sodium. The concentration of sodium in the posterior aqueous was 144.5 mM 


per kilogram of water, while that in the anterior aqueous was 146.5 mM _ per kilo- 


13. Baldes, E. 
11:223, 1934 

14. Kinsey, V. E.: Modification of the Apparatus Used for the Baldes Thermoelectric 
Method of Measuring Osmotic Pressure, |. Scient. Instruments 21:767, 1950. 


J.: A Micromethod of Measuring Osmotic Pressure, J. Scient. Instruments 


15. The necessity of distinguishing between the aqueous humor of the posterior chamber and 
that of the anterior chamber makes it desirable to have a less cumbersome phrase to refer to 
the aqueous humor in these chambers. I suggest substituting simply posterior aqueous and 
anterior aqueous 


These phrases will be used hereafter in this paper. 
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Taste 1.—Concentration of Chloride in Plasma and Aqueous Humor of the Anterior and 
Posterior Chambers of the Rabbit Eye 


Aqueous Humor 


Anterior* Posterior Plasma * 
Animal; Chamber, Chamber, (Arterial) Ant. Aqueous/ 
Eye mM) Ke. HeO mM/Ke. H.0 mM Ke. Hed Post. Aqueous 


Os 107 1.01 
oD 0.98 
Os 107 1.02 
ob a7 107 1.07 
"OSs ¢ 1.09 
OS 1.06 
OS 14 1.00 
OD 5 114 1.22 
Os hw 
op 
Os 118 1.09 
Ob 3 113 1.04 
Os 109 1.08 
op 109 104 
Os ¢ 
OD 114 1.00 
OD 113 1.08 
1.08 
OD 4 1.05 
Os 1.06 
Os 14 
OD 14 1,05 
Os 3 14 Lol 
Ob 7 il4 1.07 
Os 114 0.06 
OD 3 14 1,02 
OS 14 1.01 
OSs ll? 
oD fi 1.07 
OS lie 1.05 
op 
TOS f 
Oop ‘ lol 
OS 
Oop 9.5 110 
OS 7 112 
ob 
OD 5.4 7 
lls 
OD 9.5 118 
LOS 
OD 25 
Os 107 
Op 107 
Os 97.5 
OD 


Average 111.3 


(Venous) 
Os 109 
Oop log 
OS 
Ob ‘ 110 
"OS ¢ 
OS 
ob 1S 
OS fi 
Ob 115 
119 
OSs 13 
OSs 114 
Oop 2, 114 
Os f 
OD 
Os 116 
Ob 116 
op 
Os 113 
Op 113 


Average 
Grand average 1.1 


* Average of duplicate analyses. 


2 ‘ ‘ 
‘ 
1,058 
0.95 
1.09 
Lol 
‘ 
I O97 
Li 
I 10s 
I 1.06 
110 
101 
1.07 
1.13 
1.06 
114 
1.4 
114 
- I 1.02 
1.08 
Lie 
1.03 
101.7 112.8 1.05 
100.0 


Taste 2 


3 


Taste 4 


Anterior 
Chamber, 


Aqueous Humor 


Posterior 


Posterior Chambers of the Rabbit Eye 


Chamber, Plasma, Ant 

mM/Kg. mM/Kg. mM, Ke. Post 
G6 25.9 
418 21.7 
28.9 
41.7 
29.0 58 
26.6 3046 
29.1 24.1 


Average 


Venous blood: all other 


Pooled 
Samples: 
No. of Eyes 


Anterior 
Chamber, 
mM/Ke. Hed 


6 12.3 
6 11s 
12.2 


Weighted average 11 


Concentration of 


Anterior 

Chamber,* 

Animal; Eye mM Ke. Hed 
20D 
3808 
OD 
408 
5.08 
OD 
7 OS 
op 
9 OS 
oD 
Os 
oD 


Oost 


Average 


Average duplicate analyses, 


Aqueous Humor 


Aqueous Humor 


blood samples arterial 


Concentration of Lactate in Plasma and 


Posterior 
Chamber, 
mM Ke. Heo 
wo 
11.0 
105 


10.8 


Posterior 
Chamber,* 
mM Ke. Hed 


Aqueous Humor of the Anterior and 
Posterior Chambers of the Rabbit Eye 


mM/Ke 


Posterior Chambers of the Rabbit F ve 


Plasma, 


Plasma, 
mM Ke. 


0.005 


0.018 


Concentration of Bicarbonate in Plasma and Aqueous Humor 


if the Anterior and 


Aqueous 
Aqueous 


92 * 


78 


\ 
P 


nt 
ost 


Ascorbic Acid in Plasma and Aqueous Humor of 


At 
Po 


Aqueous 
Aqueous 

1.12 

1.12 

1.13 


1.09 


Aqueous 
st. Aqueous 
0.65 
0.58 
0.64 
0.72 
OSS 
0.67 
1.17 


the Anterior and 


: x = 
| 
7 
ite 26.9 35.6 22.8 0.75 
28.3 314 23.8 0.90 
29.5 35.0 6.5 
a 4 25.8 30.4 20.3 O85 
| 33.7 0.3 O75 
22.3 20.6 O75 
a 21.3 28.7 17.5 0.74 
24 23.2 0.79 * 
25.4 $2.5 "4.1 
25.6 WA 24.1 O74 
29.7 34.5 0.76 
80.7 34.8 ORS 
27.7 40 Os] 
ath 
6.65 
= 
4 
are 
1.53 
1.70 
44 0.96 
097 
O97 
1.13 0.73 
0.68 
125 O71 
114 0.70 
0.58 
1.53 0.77 
1.30 — 0.75 
. 
Bay 
40% 
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gram of water (Table 6). The difference between these two concentrations lies 
within the experimental error of the analytical method employed. No analyses for 
sodium were performed on plasma in this study, but from previous work it is 
known that the ratio of the concentration of the anterior aqueous to that of plasma 
is 0.98," indicating, when account is taken of the Gibdbs-Donnan effect, that there 
is a shghtly higher effective osmotic concentration of sodium in the aqueous humor 
than in the plasma. 


Tasie 5.—Concentration of Phosphate in Plasma and Aqueous Humor of the Anterior and 


Posterior Chambers of the Rabhit Ey 


Aqueous Humor 
Pooled Anterior Posterior 
Samples Chamber,* Chamber,* Plasma,” Ant 
No. of Eyes mM/Ke. HeO mM ke. He mM) ke. Heo 


0.62 


Aqueous 
Post. Aqueous 
1.75 1.42 

10 0.90 ODA 1A 1.67 

4 O91 O30 1.34 

4 O86 14 
Weighted average 


* Average duplicate analyses 


TABLE 6.—Concentration of Sodium in Aqueous Humor of the Anterior and Posterior 


Chambers of the Rabbit Eve 


Aqueous Humor 


Pooled Anterior Posterior 
Samples Chamber, Chamber, Ant. Aqueous 
No. of Eyes mM H20 mM ke. Post. Aqueous 


146; 147 * 144; 145° 


* Sample analyzed in duplicate 


7.-—-Concentration * of Potassium in Plasma and Aqueous Humor 


of the Anterior and 
Postertor Chambers of the Rabbit Lye 


Aqueous Humor 


Anterior Posterior 

Animal; Eye Chamber 
108 1,300 ON 
OD 1/288 (pooled) 1.615 0.85 

2 OS 1,030 
OD 1,000 1,00 (pooled) 47 0.91 


Ant. Aqueous 
Chamber Plasma Post. Aqueous 


Average 1,807 


* Values expressed as counts per minute per gram of HzO. 


Potassium.——The concentrations of potassium could not be expressed in absolute 


units of concentration because of the use of the radioactive method of analysis. The 
concentration in the posterior aqueous appeared to be greater than that in the 
anterior aqueous, and the concentrations in both aqueous humor samples were less 
than that in the plasma (Table 7). The potential sources of error in performing the 


potassium analyses, however, were considerably greater than those for the other 


substances tested, and the results of the few experiments performed with potassium 


should be taken merely as indicating that the concentrations of potassium do not 
differ widely in the aqueous humor of the two chambers or in the plasma. 
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Carbon Dioxide ——The concentrations of carbon dioxide, as calculated from the 
pH and the concentrations of total carbon dioxide, were 1.2, 1.0, and 1.2 mM per 
kilogram of water for the posterior aqueous, anterior aqueous, and plasma, in that 

| | 
order. 

Nonprotein Nitrogen.—No difference was found in the concentrations of non- 
protein nitrogen in the anterior and the posterior aqueous, although the aqueous 
humors of both chambers were deficient in nonprotein nitrogen as compared with 

plasma (Table &). 


TAsLe &.—-Concentration of Nonprotein Nitrogen in Plasma and Aqueous Humor of the Anterior 
and Posterior Chambers of the Rabiit Eye 


Aqueous Humor 


Anterior Posterior 

Chamber, Chamber, Plasma, Ant. Aqueous/ 

Animal; Eye mM/Ke. H2O mM/Kg. H2O mM Kg. Post. Aqueous 
1OD 12.5 13.9 1.08 
Os 12.3 d 13.9 1.09 
20D 10.0 9.5 13.2 1.05 
Os 10.3 ‘ 13.2 1.18 
80D 11.6 18.4 0.97 
OS 12.7 a 1.12 
OS 5.6 2 1.95 
5 OS 14 0.98 
OD 118 5 1.12 
OD 2. 3.2 
OD 13.9 i 0.9% 
9 OD 5 0.99 
oD 114 1.08 
12 Eyes pooled 15.5 x 20.8 0.96 


Weighted average 13.4 3.5 6 0” 


TABLE 9.—Concentration * of Urea in Plasma and Aqueous Hwmor of the Antertor and Posterior 
Chambers of the Rablit Eye 


Aqueous Humor 


Anterior Posterior 
Chamber Chamber Plasma Ant. Aqueous/ 
Animal; Eye mM HeO mM/Ke.HeQO mM/Kg.H20 Post. Aqueous 
8 (pooled) 6.65 6.63 8.22 
12 (pooled) 3.65 4.50 
8 (pooled) ... , ; 11.25 9.25 12.06 
10 (not pooled) f.... 5.1 4180 5.97 


Weighted average . ; 6.31 5.76 7.3 
* All samples analyzed in duplicate unless otherwise noted. Values agreed within 10% on all duplicate 


analyses. 
| Samples analyzed in triplicate. 


Single analyses only. 


Urea.-The concentration of urea in the posterior aqueous (5.8 mM_ per kilo- 
gram of water) was approximately 0.5 mM per kilogram of water less than that 
in the anterior aqueous and approximately 1.5 mM per kilogram of water less than 


that in the plasma (Table 9). The results show relatively wide variations among 


sets of pooled samples, although in every instance the concentration of urea in the 

anterior aqueous appeared to be at least as high as that in the posterior aqueous. 
Glucose.-The concentration of glucose in the posterior aqueous (7.1 mM_ per 

kilogram of water) was about 0.4 mM per kilogram of water in excess of that in 
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the anterior aqueous and 1.2 mM per kilogram of water less than that in the plasma 
(Table 10). The results of analyses in which the Folin- Malmaros method was used 
were corrected to take into account the interference with the method produced by 
the ascorbic acid present. For this purpose it was assumed that the concentrations 
of ascorbic acid in the aqueous samples tested were the same as those in the eyes 
for which analyses for ascorbic acid had been performed. The correction was less 


Taste 10.—Concentration of Glucose in Plasma and Aqueous Humor of the Anterior and 
Posterior Chambers of the Rabbit Eye 


Aqueous Humor 
Anterior Posterior 

Pooled Samples; Chamber Chamber Plasina Aqueous 

No. of Eyes mM Kg. Hed mM. Ke. mM/Ke. HsO Aqueous 


7.56 7.80 0.97 
7.35 7.80 9.9 0.95 
64t 7.3 0.88 
6.31 0.98 
5 1.00 


* Analysis by anthrone method. 
+ Analysis by Folin-Malmaros method. 


Tasie 11.—Osmotic Pressure of the Aqueous Humor of the Anterior and Posterior Chambers 
of the Rabbit Eye 


Tonicity 


mM Equiva 
lent NaCl, 
Animal; Eye mM/L Equivalent Nacl * Average 
A OD + 6.2; 5.7 + 5.96 
OS 0.55 
BOD 5; q 1.48 
OSs 3.3 
cob 
Os 
DOS 
E OS 
OS 
OD 
OS 
OS 5; + 0.63 
Os 6.1; 26; 39 
oD + OM 34 
ob 5; 0.05 
OS 10 


Grand average OAT 
kK OD + + 045 0.38 


* The plus and minus signs indicate that the aqueous humor of the anterior chamber is hypertonie or 
hypotonic to that of the posterior chamber. 


than 0.5 mM glucose per kilogram of water. The presence of ascorbic acid did 
not interfere with the anthrone method for determining glucose. 

Osmotic Pressure.-There was no significant difference between the osmotic 
pressures of the aqueous humor of the posterior and anterior chambers (Table 11). 
Since it was observed that there was an average difference in concentrations of 
bicarbonate in the aqueous humors of the posterior and anterior chambers amount- 
ing to 6.4 mM _ per kilogram of water, which was compensated for chiefly by chloride 
ion, all the results of osmotic pressure measurements were adjusted to take into 
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account the fact that the osmotic equivalent of bicarbonate is but nine-tenths that of 
chloride.'| For this purpose it was assumed that the average difference in bicar- 
bonate concentration in all the samples of aqueous humor in which osmotic pressure 
measurements were performed was the same as the average difference in concen- 
tration found in experiments in which the bicarbonate concentration was deter- 
mined. ‘The adjustment amounts to approximately 0.6 milliosmole per liter, or 
0.3 mM per kilogram of water equivalent of solution of sodium chloride. 

In order to determine the sensitivity of the method, a number of measurements 
of the osmotic pressure were made of two identical samples of sodium chloride 
solution, the concentration of which was 150 mM per kilogram of water. The 
results of six such consecutive determinations, expressed in millimoles per kilo 


Taste 12.--Determinations of pll (at 88 C.) of the Aqueous Humor of the Anterior and 
Postertor Chambers of the Rabbit Eye 


Average 
Aqueous Humor Difference 
with Respect 
Anterior Posterior to Anterior 
Animal Chamber Chamber Chamber 


+ O04 
+ O47 


+ O14 


\verage 


gram of water equivalent of sodium chloride, were —1.5, —1.25, —2.25, —1.12, 

0.95, and -+- 2.0 (average, —O.8); the minus sign refers to the direction of flow 
oft current set up by the thermocouple used in measuring the osmotic pressure. It is 
apparent that, on the average, the method of measuring osmotic pressure makes it 
possible to establish the identity of the osmotic pressures of two solutions, in the 
range of concentrations of 150 mM per kilogram of water equivalent of sodium 
chloride solution, with an accuracy of about 0.50%. 


Hydrogen lon Concentration. The average pil of the posterior aqueous was 


7.57, and that of the anterior aqueous was 7.00 (Table 12). The difference is not 
significant. That of the plasma was found in a previous investigation to be 7.40." 

lo. Kinsey, Vo E.: A Unified Concept of Aqueous Humor Dynamics and the Maintenance 
of Intraocular Pressure \n Elaboration of the Seeretion-Diffusion Theory, Arch. Ophth 


44:215, 1950. 


+ 
“te 2 7.53 7.53 0 
3 7.64 7.68 + OP 
7.05 
745 7A2 0.08 
7.47 7.49 + 0.07 
re 
6 7.48 7.42 
7.43 
7.55 7.62 
ow 
7.70 
7 
7 
J 7.78 7.71 0.08 
7:65 
5 7 
7.65 
7.78 
7.460 7.57 0.08 
x 
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Summary of Composition. The results of all the chemical analyses, along with 
the steady-state ratios of the anterior aqueous, posterior aqueous, and plasma, are 
summarized in Table 13. It will be observed that deficiencies of some substances 
are made up by excesses of others. This is particularly noteworthy in the case of 
anions, in which case the 6.7 mM _ per kilogram of water deficiency of bicarbonate 
and ascorbate in the anterior chamber is almost precisely balanced by the 6.4 mM 
per kilogram of water excess of chloride, lactate, and phosphate. It will also be 
observed that the total concentrations of all substances measured in the two chambers 
are essentially the same. 


Taste 13—Summary of Composition of Plasma and Aqueous Humor of the Anterior and Posterior Cham 
bers of the Rabint Eye 


Ant 
Aqueous 
Ant in Excess 
Anterior Posterior Aqueous Ant Post of Post 
Aqueous, Aqueous, Plasma, Post Aqueous) Aqueous Aqueous, 
mM/Ke. mM Ke. H20 mM Ke. Hed Aqueous Plasma Plasma mM Ke. HeO 
Anions 
Chloride 105.1) (73") (72) (42) On 51 
Bicarbonate 27.7 (23) 34.1 (23) 24.0 (23) Ost 1.15 O4 
Lactate 12.1 (24) 11.2 (24) 8.2 (12) Law 1.47 
Ascorbate 0.96 (16) 1.30 (16) 042 O75 
Phosphate O80 (26) 0.52 (22) 1.49 (12) 
Total 
Cations O60 O35 o4 
Sodium 46.5 (34) 144.5 (34) 
Potassium (4) 1,307.0 (4) 1,545.0 (2) 0.5 (estimate) 
Nonelectroly tes Total 1.5 
Carbon dioxide 1.0 (23) y 1.2 (23) ; wo 
Nonprotein nitrogen 13.4 (25) 17.6 (16) 0.77 
Urea 6.3 (46) 7.3 (23) O80 


Glucose 6.7 (22) &3 (11) OSS 


Total 
Grand Total 


* Figures in parentheses refer to number of cases. 
+ Expressed as counts per minute per kilogram HO, 
} Figures for urea are omitted, since they are included in values for nonprotein nitrogen 


COMMENT 


General Considerations. -\t is apparent that accurate information on the relative 
compositions of the aqueous humor of the posterior and anterior chambers can be 
obtained only if analyses are performed on samples of aqueous humor which are 
really representative of that existing in the two chambers. The observation that 
the concentrations of some constituents of the two fluids are different shows, at 
least, that the procedure used in withdrawing samples of aqueous humor results 
in obtaining two consistently different fluids. The following evidence bears on the 
question of whether these fluids represent pure anterior and pure posterior aqueous 
or admixtures of the two. 

If there is any mixing of the anterior aqueous with posterior aqueous while fluid 
is being withdrawn from the posterior chamber, it would be reasonable to believe 


that such admixture would occur to a greater extent, and probably even a pro- 


portionately greater extent, when relatively large samples of posterior aqueous are 
obtained. Unfortunately, the analytical errors encountered for many substances 
when small samples are emploved lie outside the range of possible differences in 
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the concentration of these substances in the fluids in the two chambers, so that 
larger samples should be obtained if analyses are to be performed on samples taken 
from individual eyes." 

In order that it might be determined whether any mixing of aqueous humor 
oceurs which may be dependent upon the size of the sample obtained, an experiment 
was performed in which the concentration of a substance in the posterior aqueous 
of one eye was determined under conditions such that the possibility of mixing was 
substantially eliminated, namely, by carefully withdrawing 10 cu. mm. of posterior 
aqueous from the extreme peripheral region of the posterior chamber, and this 
concentration was compared with that obtained in a large sample (50 cu. mm. or 
more) of posterior aqueous taken from the other eye of the same animal. The sub- 
stance selected for this test was ascorbic acid, since the difference in concentration 
of this substance between the anterior and the posterior aqueous is maximal and the 
methods available make it possible to analyze minute samples with a high degree of 
accuracy. 

The results of a number of determinations of this kind failed to show any con- 
sistent or significant differences in concentration between the two fluids of pairs 
of samples, thus showing that the large sample was not diluted appreciably by 
aqueous coming from the anterior chamber. 

Actually, it was observed in many instances that when aqueous humor from 
the posterior chamber was withdrawn, the fluid rapidly entered the pipette and then 
stopped abruptly, as though all the fluid within a given space had been removed. 
Frequently when this occurred, the inner edge of the iris could be seen to press 
against the lens, suggesting that the iris and lens effectively constituted a ball valve 
which, after part, or all, of the posterior aqueous had run into the pipette, prevented 
anterior aqueous from entering the posterior chamber. It would appear, therefore, 
that the samples of aqueous humor obtained from the two chambers were at least 
relatively pure and that the compositions reported are really representative of those 
of the posterior and anterior aqueous. 

The results of the chemical analyses and the osmotic pressure measurements in 
the present experiment both indicate that there is no appreciable difference in the 
total concentration of dissolved substances in the two chambers, notwithstanding 
relatively wide differences in the concentration of various individual constituents. 

Although the concentration found for ascorbic acid in plasma (0.019 mM_ per 
kilogram of water) seems to be inordinately low for rabbits, that in the samples of 
aqueous humor was almost normal, suggesting that no experimental artifact had 
influenced the result. Nevertheless, as a check, the concentration of ascorbic acid 
in samples of plasma taken from other animals in the rabbit colony was determined. 
The concentration in the plasma of these animals also was unusually low. The 
rabbit eye appears to have a remarkable capacity for maintaining a high concentra- 
tion of ascorbic acid in the aqueous humor despite a low concentration in the 
plasma. It is interesting to note that the steady-state ratio for anterior aqueous to 
plasma in these animals was 48. 

The observation that the pH of the posterior aqueous is, like that of the anterior 
aqueous, above the plI of the plasma, is compatible with the theory that the 


17. Indeed, it was the existence of a relatively large analytical error associated with small 
samples, apparently, which previously obscured the difference in concentration of chloride in the 
two chambers! 
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reactions which give rise to the elevated pli take place in the posterior chamber, 
presumably on the epithelium of the ciliary body, as proposed by Friedenwald.'* 

It is noteworthy that the absolute value for the pli of the anterior aqueous 1s the 
same as that found previously by me when the pli was determined by another 
method." 

That the concentrations of nonprotein mitrogen in the aqueous humor in the 
two chambers were the same does not indicate that the concentrations of any 
particular substance containing nitrogen are also the same in the aqueous humor 
of the two chambers. For instance, the concentration of urea was observed to be 
slightly higher in the aqueous humor of the anterior chamber than in that of the 
posterior chamber. 

It is known that the concentration of lactate in the aqueous humor of the 
anterior chamber exceeds that in plasma. This excess has been assumed to result 


from production by the lens. An alternative explanation, namely, that the relatively 


high concentration of lactate in the aqueous humor results from secretion. by 


the ciliary body, could equally well account for the excess. The present observation 
that the concentration of lactic acid in the aqueous humor of the anterior chamber 
exceeds that in the posterior chamber negates the latter hypothesis and supports the 
idea that the additional lactate comes from the splitting of glucose by the lens and 
perhaps, also, from incomplete metabolic breakdown of sugar occurring in the iris 
or the corneal endothelium. 

Interpretation. The permeability. properties of the barriers separating the 
aqueous humor and the blood have previously been inferred mostly from data con 
cerning the turnover rates in the anterior chamber of various substances foreign to 
the body and, more recently, from the rate of flow out of the anterior chamber and 
the turnover rates of various constituents which are normally present. From infor 
mation of this kind, for instance, Kinsey and Barany '* postulated that the iris 
vessels are very permeable to water and, to a less extent, to nonelectrolytes ; but 
from the similarity between the rate of outflow of aqueous humor and the turnover 
rate of sodium in the anterior chamber they concluded that, within limits imposed 
by experimental errors, iris vessels are impermeable to sodium ions; they suggested 
also that perhaps these vessels may be impermeable to all electrolytes. 

Clearly, data concerning the individual turnover rates of several constituents in 
both the posterior and the anterior aqueous humor are required before the barrier 
properties of the various anatomical components separating blood from the posterior 
and anterior chambers of the eve can be assessed quantitatively. However, the infor- 
mation made available by the present investigation of the relative concentrations 
of substances in the aqueous humor of the posterior and anterior chambers in rela- 
tion to those in the plasma provides a basis for making inferences concerning (1) the 
qualitative permeability properties of the blood-aqueous barriers of the anterior 
chamber, (2) the direction of net transfer of substances with respect to the blood 
and anterior chamber, and (3) the probable mechanism of transfer. 

18. Friedenwald, J. S.: Dynamic Factors in the Formation and Reabsorption of Aqueous 
Humour, Brit. J. Ophth. 28:503, 1944. 

19. Kinsey, V. E., and Barany, F.: Rate of Flow of Aqueous Humor: I]. Derivation ot 
Rate of Flow and Its Physiologic Significance, Am. J. Ophth. 32:189, 1949. 
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It is possible to generalize as follows: In the absence of any differential gain or 
loss of water across the blood-aqueous barriers of the anterior chamber,?’ any 
observable difference in concentrations of a substance in the posterior and anterior 
aqueous humors must arise from either a net gain of the substance to the anterior 
aqueous from the blood, across the blood-aqueous barriers of the anterior chamber, 
or a net loss from the anterior aqueous to the blood by the same route, since net 
gain by flow from the posterior chamber or loss by flow at the angle would not lead 
to differences in concentration. It follows that in instances in which the concentra- 
tions of a substance differ in the aqueous humor of the two chambers, the iris vessels, 
or some other anatomical region separating the anterior chamber from the blood, 
are permeable to this substance. In the case of metabolites, of course, account must 
he taken of any net gain or loss of a substance which may occur as a result of 
production or consumption by the lens or some other ocular tissue. 

In the case of substances whose concentrations are not different in the anterior 
and in the posterior chambers, but whose concentrations in the aqueous humors 
lie above or below that for the plasma, the lack of difference in concentration between 
the anterior and the posterior aqueous humor indicates that there has been no 
transter of the substance across the blood-aqueous barriers of the anterior chamber 
by diffusion and that it is most unlikely that there has been any transfer by any 
other mechanism. 

In the case of substances whose concentrations in the anterior and posterior 
aqueous humors are the same, and whose concentrations in the plasma are also 
approxunately those of the aqueous humors, it is not possible to decide whether or 
not any transfer has taken place across the blood-aqueous barriers of the anterior 
chamber simply from a knowledge of these concentrations, which represent only 
steady-state conditions. Thus, in the case of a substance, such as sodium, which has 
this pattern of distribution of concentrations, it is possible that there may be a rapid 
back-and-forth diffusion between the blood and the anterior chamber the existence 
of which, because of the very absence of differences in concentration, cannot be 
inferred, In order to draw inferences concerning the total transfer, it is necessary 
that one obtain data on the rate of change of concentration in the anterior chamber, 
which data require the use of labeled materials. 

The direction of any net transfer can be inferred (assuming that the transfer 
of substances in the region of the anterior chamber occurs by a diffusional process) 
from the direction of the concentration gradient of the substance between the anterior 
chamber and the blood. Conversely, the hypothesis that a diffusional mechanism 1s 
involved in the transfer is strengthened when the concentration of any substance in 
the anterior aqueous is intermediate between the concentration of the posterior 
aqueous and that of the plasma, since, when transfer takes place by diffusion, the 
direction of net gain is toward the side of lower concentration (Fick’s law). 

\s a visual aid in applying the foregoing principles to the results of the present 
study, a graph was prepared (Chart) which illustrates the distribution of concentra- : 
tions of several substances in the plasma and in the posterior and anterior aqueous 
humors. The graph shows that the concentrations of chloride and phosphate in the 


20. It follows from the observation that the osmotic pressures of the anterior and posterior 
aqueous humors are the same that there is, in fact, little if any differential loss or gain of water 
across the blood-aqueous barriers of the anterior chamber. 
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anterior aqueous exceed those in the posterior aqueous, whereas the concentrations 
of bicarbonate and ascorbate in the anterior aqueous are less than those in the 
posterior aqueous. This indicates that there has been a net gain of chloride and 
phosphate from the blood to the anterior chamber over and above that due to flow 
from the posterior chamber, and that there has been a net loss of bicarbonate and 
ascorbate from the anterior chamber to the blood over and above that due to flow out 
at the angle. These observations clearly show that the barriers separating the anterior 
aqueous and the blood are permeable to all four substances. 


LACTATE 
1o L. GLUCOSE 
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Distribution of concentrations of various substances in the plasma and the aqueous humors 
of the posterior and anterior chambers. The differences in distribution of the several types 
represented are believed to be attributable to various modes of entrance into the posterior 
chamber. These are for (.1) diffusion; (B) secretion; and (C) diffusion but with the dis- 
tribution altered by production (lactate) or utilization (glucose) by the lens or other metaboliz- 
ing tissue in the anterior chamber. 


The results of the present study, thus, make it necessary to revise the previously 


suggested idea that the iris vessels are impermeable to anions. 

The Chart also shows that the levels of concentrations of chloride, phosphate, 
bicarbonate, and ascorbate in the anterior chamber correspond more nearly to those 
in the blood than do those in the posterior aqueous, irrespective of whether the con- 
centration of any constituent in the posterior aqueous is higher or lower than that 
in the plasma. In the instance of chloride and phosphate, the concentration in the 
anterior chamber is higher than that in the posterior chamber, and in the instance 
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of Incarbonate and ascorbate, it is lower than that in the posterior chamber ; hence, 
the data are all compatible with the idea that the mechanism of transfer from blood 
to anterior chamber is by a process no more complex than diffusion. 

The relatively higher concentration of lactate (Chart, C, left) in the aqueous 
humor of the anterior chamber compared with that in the blood has been ascribed 
previously, as stated in this paper, to production of lactate by the lens, and the 
relatively lower concentration of glucose (Chart, C, right) in the anterior chamber 
has, in part, been accounted for in the past by utilization by the lens. Accordingly, 
one can only assume from the ditference in concentration of these substances in the 
plasma and anterior chamber that the direction of net transfer is from anterior 
chamber to plasma for lactate and in the other direction for glucose. The results 
suggest that the production of lactate more than offsets loss through the iris vessels 
by back diffusion into the blood, and that consumption of glucose more than offsets 
the gain of glucose directly from the blood, since the concentrations in the anterior 
chamber for lactate and glucose are higher and lower, respectively, than those in the 
posterior chamber. 

It is interesting to consider that knowledge of the existence of a positive gradient 
of concentrations from the posterior to the anterior aqueous in the absence of a 
negative gradient from the plasma to the posterior aqueous permits an educated guess 
that production is occurring in the lens or elsewhere in regions bordering the anterior 
chamber. This is well illustrated in the instance of lactate, in which it is known from 
other evidence that such is the case 

In a previous investigation,’’ [| suggested that substances such as chloride and 
phosphate enter the posterior chamber by diffusion and that, because of dilution by 
water entering the posterior chamber as a result of hypertonicity created by bicar 
honate, ascorbate, sodium: ions, ete., they exist in concentrations in the posterior 
aqueous lower than in the plasma. The particular pattern of distribution of concen 
trations in plasma and aqueous humors of the anterior and posterior chambers is 
compatible with this hypothesis. Furthermore, it was postulated that bicarbonate 
and ascorbate (section B oof the Chart) enter the posterior chamber by a process 
requiring expenditure of energy (secretion). The observation that the concentration 
of bicarbonate in the posterior chamber is not only greater than that in the plasma 
but stl higher than in the anterior chamber strongly supports the idea that bicarbo 
nate is secreted by the ciliary body and that it may well play the pilot role im the 


formation of aqueous humor previously aseribed to it earher publieation."' 
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Phe osmotic pressure and the concentrations of the constituents that contribute 
significantly to the osmotic pressure of the aqueous humors of the posterior and 
anterior chambers and the plasma were determined. 

Phe results indicate that the total concentration of dissolved substances, the pH, 
and the osmotic pressure of the anterior and posterior aqueous humors are the same, 
but that the actual compositions of the fluids in the two chambers are different. The 
major differences in composition between the aqueous humors appear to reside in 
differences in concentration of the various anions and nonelectrolytes. In general, 
the composition of the posterior aqueous differs more widely from that of the plasma 


than does that of the anterior aqueous, thus emphasizing the active nature of the 
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transfer mechanisms occurring in the region bordering the posterior chamber and 
the passive nature of the transfer occurring in the region of the anterior chamber. 


rom the relative concentrations of the different substances present in the plasma 
and in the posterior and anterior aqueous humors, it is deduced (1) that the blood 
aqueous barriers of the anterior chamber, presumably chiefly iris vessels, are per 


meable to anions and nonelectrolytes; (2) that more chloride and phosphate enter 
than leave the anterior chamber from the blood, and more bicarbonate and ascorbate 
leave than enter the anterior chamber, exclusive of those quantities which enter or 
leave the anterior chamber by flow, and (3) that the mechanism of transfer involved 
is simple diffusion. From the data it was not possible to draw any inferences con- 
cerning the permeability of these barriers to sodium and potassium. 

The observation that the concentrations of chloride and phosphate in the posterior 
aqueous are less than in the anterior aqueous is compatible with the idea of a diffu- 
sional exchange between ciliary body and posterior chamber, as previously hypothe 
sized; the observation that the concentrations of bicarbonate and ascorbate are 
higher in the posterior aqueous than in the anterior aqueous is compatible with the 
idea that these substances are secreted into the posterior chamber, presumably by 
the ciliary body, where they serve to control the concentration of the other elec- 
trolytes. 

Dr. Charles Frohman, Mr. Gerard Cavanaugh, Misses Eileen Horgan and June Twomey, 
and Mrs. Barbara Zolhiker performed many of the analyses reported im this paper 
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SIMULATED PROGRESSION OF VISUAL FIELD DEFECTS OF GLAUCOMA 


ROBERT McCLELLAND DAY, M_D. 
NEW YORK 
AND 


HAROLD G. SCHEIE, M.D. 
PHILADELPHIA 


HIS PAPER emphasizes certain ocular factors which, by reducing the inten- 
sity of the retinal stimulus from a test object, may cause simulated progression 
of the visual field defects of glaucoma and thereby give misleading information 
regarding the glaucomatous state. Some pertinent clinical and experimental 
observations are presented. The factors investigated by us were changes in trans- 
parency of the ocular media, refractive disturbances, and miosis. All these conditions 
diminish the amount of light falling upon a given area of the retina from a given 
test object. The size of any visual field defect which might be present therefore 
increases correspondingly. Imphasis on the effects of these factors upon the visual 
field changes of chronic simple (wide-angle) glaucoma is of great importance 
because visual field) studies offer the most reliable method of evaluating the 
effectiveness of medical therapy. Likewise, progressive enlargement of visual field 
defects serves as the best and most dependable indication for surgical intervention. 
Simulated progression of visual field defects resulting from loss of transparency 
of the ocular media is best exemplified by cataract formation, particularly of the 
diffuse nuclear type. As the cataract increases in density, less light falls upon the 
retina from the test object and any preexisting visual field defect shows apparent 
gradual enlargement. If the defect is glaucomatous, progression of the disease is 
simulated. We believe that increasing nuclear cataractous changes are the most 
frequent cause of “progressive loss of visual field following normalization of tension 
by surgery.” The true nature of the visual field change can be demonstrated by 
visual field studies after cataract extraction, when the defect returns to its original 
size. 
Simulated progression of visual field defects likewise can occur with ametropia. 
This is best exemplified by artificial myopia associated with ciliary spasm which 


may result from the use of miotic agents in nonpresbyopic eyes. The retinal image 
from a small test object is diffused; the intensity of the stimulus on any one area 


of the retina is diminished, and the visual field defect appears larger. Miosis, on 
the other hand, diminishes the amount of light entering the eve and accentuates 
visual field defects. Ciliary spasm and miosis tend to accentuate the effect of each 
other. 

From the Institute of Ophthalmology, Presbyterian Hospital (Dr. Day), New York. 

From the Department of Ophthalmology, Hospital of the University of Pennsylvania, 
University of Pennsylvania School of Medicine, Graduate School of the University of 
Pennsylvania (Dr. Scheie), and the Children’s Hospital of Philadelphia. 
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DAS Vist DEFECTS 


AL FIELD 


REVIEW 


HISTORICAL 


The decrease in the size of the visual field which occurs with diminished illumi- 
nation was pointed out as long ago as 1862 by Hatimans.' Many authors have 


appreciated the importance of the size ot the pupil perimetry, “This, Peter,” 
Praquair.’ and Duke-Elder,‘ in the standard texts, list it as one of the factors which 
determine the size of the field; and Blair,’ Engel," and Duke-EIder * emphasized 
the importance of the size of pupil while charting visual fields in) glaucomatous 


subjects. Others have stressed the importance of the transparency of the optical 
media. Edmond and Moller * pointed out that neutral gray glasses decreased the 
size of the field in normal and glaucomatous patients, and, while Marlow * advised 


decreasing the illumination on the screen in order to detect visual field defects which 


could not be appreciated with full illumination, Schoenberg,’ im discussing Mar- 


low’s paper, suggested the use of dark glasses as a means of reducing the illumi- 


nation. The importance of the effect of cataractous changes in decreasing the 


transparency of the refractive media, and thus decreasing the effective ilumination, 


however, has not been emphasized sufficiently. 


PURPOSE OF STUDY 


\n experimental and clinical study of the following factors which might alter 


the size of visual field defects was undertaken in normal and glaucomatous eyes: 


(1) artificial myopia due to ciliary spasm; (2) miosis; (3) loss of transparency of 


the ocular media. 


STUDIES 


CONDUCTING 


METHOD OF 


A, Technique of Visual Field Determinations—-In these studies central fields were tested 
on a tangent screen with the patient at a distance of 1 meter. The tangent screen was black 
and unlined. One square meter of illumination was obtained by a Bausch and Lomb projection 
lantern placed at a distance of 6 ft. 8 in ((2 meters) from the screen, A 500-watt lamp in the 


lantern gave an illumination of 7 foot-candles (f.c.) on the screen. Test objects usually used 


for this test were 1 or 2 mm, white. Larger test objects, up to 10 mm. white, were used when 


indicated. The test objects were inserted into a 24 in., dull-finished black holder 


B. Studies on Normal and Glaucomatous Subjects.—1. Effect of Miosis and Ciliary Spasm 
Control central visual fields were taken with the tangent screen on normal young subjects, 
and determinations were repeated 40 minutes after two instillations of 1% pilocarpine nitrate 


at five-minute intervals, a time at which pupillary constriction was usually maximal 


1. Haffmans, J. H. A Beitrage zur Kenntniss des Glaucoma, Areh. Ophth, 8:124-178, 
1862. 


2. Peter, L. ¢ The Principles and Practice of Perimetry, Hd. 2, Philadelphia, Lea & 
Febiger, 1923, p. 42 
3. Traquair, H. M An Introduction to Clinical Perimetry, Fd. 3, St. Louis, C. V. Mosby 
. Company, 1940, p. 14 
4. Duke-Elder, W. S.: Text-Book of Ophthalmology, Vol 2, St. Louis, C. V. Mosby 
Company, 1946, p. 1215 
5. Blair, H. Lo: Some Fundamental Physiologic Principles in Study of the Visual Field, 
Arch. Ophth. 24:10-20, 1940. 
6. Engel, S.: Influence of a Constricted Pupil on the Field in Glaucoma, Arch. Ophth. 
27:1184-1187, 1942. 
7. Duke-Elder, W. S.: Text-Book of Ophthalmology, Vol. 3, St. Louis, C. V. Mosby 
Company, 1945, p. 3384. 
8. Edmond, C., and Moller, H. V.: Vision in Light of Reduced Intensity, Arch. Ophth. 
54:531-544, 1925 
9. (a) Marlow, S. B.: Visual Fields in Chronic Glaucoma, Arch. Ophth. 7:211-223, 1932; 
(b) Field of Vision in Chronic Glaucoma, ibid. 38:43-56, 1947. 
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2. Kffect of Miosis: The effect of miosis was studied by repeating the central field determina 
tion im young subjects after correcting the artincial myopia with concave lenses. Studies also 
were made on presbyopic subjects before and after instillation of pilocarpine 

3. Effect of Transparency of Ocular Media: In an attempt to produce visual defects similar 
to cataract, three frosted-glass “clip-on” lenses were devised The first lens was of sufficient 
density to decrease the visual acuity from 6/6 to 6/9; the second, from 6/6 to 6/30, and the 
third, from 6/6 to 3/60. Control central visual fields were obtained with and without the use 
of these filters. Visual fields were also obtamed on patients with visual field defects of 
glaucoma before and after cataract extraction 


white 
=-=2/\000 white 
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~ 1-18-49 ---2/i000 white ~ 1-18-49 ---2/1000 white 


Fig. 1. Effeet of miotic on visual field of normal subject CR. D.) 1, control field, pupil not 
constricted. #2, concentric contraction and enlargement of blind spot, resulting from miosis and 
artificial myopia due to ciliary spasm. C, residual contraction and enlargement of the blind spot 
after correction of myopia with minus lenses. 


ENPERIMENTAL DATA 


A. Normal Subjects (Control Data). 1. ettect of Miosis and Artificial Myopia 
on Visual Fields of Nonpresbyopic 


Subject age 31; Jan. 18, 1949. 


Visual Acuity—Visual acuity was 6/5 in the right eve and 6/5 in the left eye, with 
correction. 


External) Examination. External examination revealed nothing abnormal The pupils 
were 4.5 mm. in diameter and reacted normally 
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Slit-Lamp abnormality was found 

Ophthalmoscopice fundi were normal 

Gontoscopy.— Both angles were wide open. 

Diagnosis—TVhe eyes were normal. 

Central Visual Fields—Vhe central visual fields in the right eye were fuil to 1/1000 and 
2/1000 white test objects (Fig. 1.1). However, 30 minutes after the instillation of pilocarpine, 
the visual acuity had decreased to 6/60 with correction, and the pupillary diameter had 


decreased to 1.5 mm. The central visual field then showed concentric contraction and enlarge- 


!/1000 white 
ee2/1000 white 


After Pilocarp 
Artif Myopia Corrected 
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2/1000 white ~ 1-25-49 ="*2/\000 white 


'/1000 white 


Fig. 2.—Effeet of miotic on visual field of normal subject (J. Co): 1, control field, pupil not 
constricted. 2. concentric contraction and enlargement of blind spot due to miosis and artificial 
myopia due to ciliary spasm. C, residual contraction and enlargement of the blind spot after 
correction of myopla with minus lenses. 


ment of the blind spot (Fig. 1 2B) \fter the artificial myopia had been corrected by the 
addition of a minus lens, the visual acuity was restored to 6/6, but the miosis persisted. The 
central visual field, determined with the same-sized test objects, although somewhat enlarged, 
still showed some concentric contraction and enlargement of the blind spot (Fig. 1 ©). 
Supjyect 2.—J.C.; age 21; Jan. 25, 1949 
Visual Acuity. —Visual acuity was 6/6—2 in the right eye and im the left cye 
External Examination. The findings on external examination were not remarkable. The 
pupils were 4.5 mm. in diameter and reacted normally 
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Slit-Lamp Examination.—The anterior segment of both eyes was normal. 

Ophthalmoscopic Examination —The media were clear. The disks were well outlined and 
of good color. Physiologic cupping was present. The maculae were healthy and the vessels 
were normal 

Diagnosis. The eyes were normal 

Central Visual Fields.-The central visual fields in the left eye were full to 1/1000 and 
2/1000 white test objects (Fig. 2.4). Thirty minutes after instillation of pilocarpine, the visual 
acuity was reduced to 6/22 and the pupil was 1.5 mm. in diameter. The central visual field 


E. H. ~ — —!/1000 white '/1000 white 
1-24-49 #--2/1000 white white 


/i000 white . ae! /1000 white 
-==2/1000 white 


G 


1-25-49 white 


Fig. 3.—Effect of miotic on visual field of presbyopic subject CE. H.): A, control field, 
pupil not constricted. 2, concentric contraction and enlargement of blind spot due to miosis. 
Effect of miotic on visual field of presbyopic subject (G. R.): C, control field, pupil not 
constricted; 1), concentric contraction and enlargement of blind spot due to miosis. 


then showed concentric contraction, and the biind spot was enlarged (Fig. 2 8). When the 
visual acuity was improved to 6/6 with a minus spherical lens, the visual field still showed 
concentric contraction and enlargement of the blind spot (Fig. 2 C). 


Conclusion. Miosis and artificial myopia each produces changes in the central 
visual fields. These changes are more marked when the two factors act  simul- 
taneously. 


2. Effect of Miosis on Visual Fields of Presbyopic Eyes. 


Sunjyect L—E. H.; age 58; Jan. 24, 1949, 
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Visual Acuity.—Visual acuity was 6/5, with correction, in each eye. 


External E-xamination.—External findings were normal. The pupils were 3.5 mm. in 
diameter and reacted normally. 


Slit-Lamp Examination.—Both anterior segments were normal. 


Ophthalmoscopic [-xamination.—The retinal arterioles showed minimal attenuation, but the 
fundi were otherwise healthy 


Gomoscoptc angles were open. 


Diagnosis.—Vhe diagnosis was normal presbyopia. 


!/1000 white 
2/1000 white 


Filter #3 


~ 1-19-49 1000 white 1-19-49 5/1000 white 


Fig. 4.—Visual field studies on normal subject (M. D.), showing effects of ground-glass 
filter: A, control field; visual acuity 6/5. #8, visual field with filter No. 2; visual acuity reduced 
to 6/30. C, visual field with filter No. 3; visual acuity reduced to 3/60. 


Central |isual ltelds.— The central visual field in the left eye was full to 1/1000 and 2/1000 
white test objects (Fig. 3.4). Thirty minutes after the instillation of pilocarpine, the visual 
acuity was still 6/5, with correction, but the pupil had contracted to 2 mm. The central visual 


field showed moderate concentric contraction and a slight increase in the size of the blind spot 


(Fig. 3 B). 


SuBJEC Tt 2—G. R.: age 54; Jan. 25, 1949. 
Visual Acuity.—Vision was 6/6, with correction, in each eye. 


External [:xamination.—External examination revealed no abnormalities. The pupils were 
3.5 mm. and reacted normally. 
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Slit-Lamp /-xammation.—The anterior segments were normal. There was a very slight 
haze in the nuclear area of both lenses. 


Ophthalmoscopic Examination. The media were clear. The disks and maculae appeared 


healthy. The retinal arterioles showed minimal narrowing. 


There were no hemorrhages or 
exudates 


Diagnosis.— The diagnosis was normal presbyopia. 

Central Visual lields—The central visual field in the right eye was essentially full, 
although there was slight concentric contraction to 1/1000 and 2/1000 white test objects 
(Fig. 3 ©). One-half hour after the instillation of pilocarpine, when determination of the 
visual field was repeated, the pupil was 2 mm. in diameter and the visual acuity was 6/7.5. 
With the same-sized test objects, definite concentric contraction and enlargement of the blind 
spot were found to have occurred (Fig. 3D). 


Conclusions.-Miosis produces significant reduction in the size of the visual 
field in presbyopic patients, in which ciliary spasm cannot be a factor. 
3. Effect of Frosted Lens. 


Supyect 1—MM. D.; age 27; Jan. 19, 1949. 


Visual Acuity.—Vision was 6/5, with correction, in each eye. 


External Examination.—Both pupils were 4 mm. in diameter and reacted normally. 


Slit-Lamp abnormality was found. 
Ophthalmoscopic bxamination fundi were normal. 
Gonmoscoptc angles were open. 


Itagnosis— The eyes were normal. 


Central Visual bields—TVhe central visual field im the right eye was full to 1/1000 and 
2/1000 white test objects (hig. 4.4). With filter No. 2, which decreased the visual acuity 
to 6/30, with correction, there was a definite concentric contraction to the 


same-sized test 
objects (big. 4B) 


With filter No, 3, which still further reduced the visual acuity, to 3/60, 
there Was even greater concentric contraction, emphasized by the fact that 3/1000 and 5/1000 
white test objects had to be employed to elicit the field (Fig. 4 (©). 

Susyect 2.—R. H.: age 23; June 3, 1949. 

Hisual leuity.—Vision was 6/6, with correction, in each eye 

Examination. Vindings on external examination were normal, Each pupil was 
4 mm. in diameter and reacted normally. 


Slit-Lamp /cxvamination.—The anterior segments of each eye were normal. 


Ophthalmoscopie ocular tundi were normal 
Diagnosis The eves were normal. 

Central Lisual bield.-Yhe central visual field of the right eve was full to 1/1000 and 2/1000 
White test objects (Fig. 5 1). With filter No. 2, the visual acuity was reduced to 6/30, and 
there was detimte baring of the blind spot with a 1/1000 white test object, as well as concentric 
contraction with a 2/1000 white test object (hig. 5 B) 


Conclusion. This, and similar studies showed that a frosted lens results in 


concentric contraction of the visual field and enlargement of the physiologic blind 
spots 

4. Ketfeet of Nuclear Cataracts Upon the Visual Fields of Otherwise Healthy 

Supjyect 1.—A. Q.; age 64; Oct. 15, 1946 

Visual Aewty.—Vision was 6/30 in the right eye and 1/60 in the left eve. 

Tension. Intraocular pressure was 19 mm. Hy (Schivtz) in each eye 

External Examination.—No abnormality was seen 

Slit-Lamp details were markedly blurred in each eye 


cataractous changes, but the head of each optic nerve appeared normal. 
arteriolar narrowing in each eyeground. 


owing to 
There was a slight 
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big. 5.—Visual field studies on normal subject (B. H.) showing the effect of ground glass: 


A, control field; visual acuity 6/6. B, visual field with filter No. 2; visual acuity reduced 
to 6/30. 


3/1000 white 
5/1000 white 


.Q. 2/1000 white 
4-5-49 


5/1000 white 


Fig. 6.—Visual field studies on subject (A, Q.), showing changes resulting from cataractous 
changes in an otherwise healthy eye: «1, visual field) slightly constricted due to incipient 
cataractous changes; visual acuity 6/30. B, visual field more markedly constricted as a result 
of increasing cataractous changes; visual acuity equal to counting fingers 
showing marked recovery after cataract extraction; visual acuity 6/6. 
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Diagnosts.—The diagnosis was bilateral senile nuclear cataract. 

Central Visual lields.—The central visual field in the right eye showed generalized con- 
centric contraction with baring of the blind spot to a 5/1000 white test object (Fig. 6 A). 
Six months later, when the vision was reduced to counting fingers, the field was markedly 
constricted ‘even to a 10/1000 white test object (Fig. 6 #). An intracapsular cataract extrac- 
tion was done, after which the vision could be corrected to 6/6 and the central visual field became 
practically full (Fig. 6 ©) 


Conclusion. Apparent constriction of the central visual fields observed during 
development of a nuclear cataract disappeared after extraction of the cataract. 


After Pilocarpine 
~ 12-20-48 


Filter #1 


R 


12-20-48 2-16-49 

Fig. 7.--Visual field studies on patient (R. S.) with glaucoma, showing effect of miotics 
upon preexisting visual field defects: 4, visual field three hours after miotic; visual acuity 
6/9. B, visual field 90 minutes after miotic, showing defect elicited as a result of artificial 
myopia from ciliary spasm; visual acuity 6/30. C, visual field three hours later with no further 
miotics, showing marked recovery; visual acuity 6/9. J), visual field with ground-glass filter 
No. 1, showing similar defect; visual acuity 6/12. 


B, Studies on Glaucomatous Eyes.—1. ttect of Miotics upon Visual Field 
Defects of Glaucoma. 
Supyect 1—R. S.; age 43; Jan. 7, 1948. 


Visual Acuity.—Vision was 6/12—, without correction, in the right eye and 6/6 in the 
left eye. 
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J enston.—Intraocular pressure was 30 mm. Hg (Schigtz) in the right eve and 25 mm. Hg 
(Schigtz) in the left eye. 

External Examimation.—There was a small subeonjunctival hemorrhage in the right eye 
at 7 o'clock. The right pupil (4.5 mm.) was slightly larger than the left (4 mm.). Both 
were round and responded promptly to light and in accoramodation. 

Slit-Lamp F-xamiaation.— The anterior segment of both eyes was normal. 

Ophthalmoscopie E-xamination—The ocular media were clear, and the disks were well 
outlined and of good color, with physiologic cups. 

Gontoscopic Examination.—Both angles were open. A large number of persistent  irts 
processes were present in each eye. Anomalous vessels at the iris root could be seen at the 
apex of the angle of the left eye, from 3 to 6 o'clock. 

Diagnosis. —The diagnosis was bilateral wide-angle (chronic simple) glaucoma. 

Central Visual lields.—The central visual tield in the left eve showed shght enlargement 
of the physiologic blind spot to a 1/1000 white test object (Fig. 7 1) 

Ocular Course.—TVhe glaucoma was well controlled with pilocarpine, but about one year 
later (Dec. 20, 1948) a routine field was charted and marked contraction found (Fig. 7 B). 
His visual acuity had decreased to 6/30. and the pupil of the left eye was about 1.5 mm. 
in diameter. When he was questioned, it was discovered that he had instilled pilocarpine 90 
minutes before. He was asked to return in three hours without using medication, when the 
field determination was repeated. During the interval in which the effect of the miotic had 
worn off, his visual acuity improved to 6/9, without correction, and, although the pupil remained 
about the same size, there was a marked restoration of the visual field (hig. 7 ©). This effect 
must have resulted from accommodative spasm, secondary to the use of pilocarpine. On another 
occasion, again tive hours after the instillation of pilocarpine, the field was charted using 
filter No. 1. This decreased his visual acuity to 6/12, without correction, and caused a marked 
constriction of the visual field, an effect which simulated progression of the glaucomatous process 
(Fig. 7 

Conclusion.-Cihary spasm, in this nonpresbyopie patient with chronic simple 
glaucoma, caused apparent deterioration of the visual field. 

2. of Frosted Lenses Upon Visual Field Defects of Glaucoma. 

Supject 1—T7. age 37; Feb. 10, 1948, 


Visual Acuity.-Vision was 6/6 with correetion, in the right eye and 6/12 +4 in the left 


eye. 


Tension. Intraocular tension was 41 mm. Hy (Schietz) in the right eve and 35 mm. He 
(Schigtz) in the left eye. 

External Examination.—Both eyes were somewhat prominent. The pupils were large, but 
equal, and reacted normally. 

Slit-Lamp endothelial surfaces of each cornea showed massive 
amount of pigment, which was deposited heavily at the periphery. 

Ophthalmoscopte Examination.—There were many thread-like vitreous opacities. Both 
optic disks were excessively cupped, the left more than the right, and the left disk appeared 
pale. 

Gontoscopic Examination.—Both angles were open. 

Diagnosis.—The diagnosis was wide-angle (chronic simple) glaucoma. 

Central Tisual Fields—The central visual field in the right eye, tested with a 2/1000 
white test object, revealed a typical Bjerrum scotoma (Fig. 8 21) 

Ocular Course.—The ocular tension was well controlled with miotics. When filter No. 2 
was placed before the right eye, the visual acuity was decreased to 6/30 and the central 
visual field became markedly contracted to a 2/1000 white test object (Fig. 8 B). 


Comment.—llad cataractous changes developed during the interval between the 
chartings of these two fields in this patient, an alteration which might not have 


e. 
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Filter #2 


2/1000 white 


2-22-49 


2-22-49 
Vig. 8—Visual field studies on patient (T. E.), showing effect of ground-glass lens upon 
visual field defect of glaucoma: A, visual field defect without frosted lens; visual acuity 6/6. 
B, visual field taken with frosted filter No. 2, showing enlargement of glaucomatous defect ; 
visual acuity 6/30. 


5/1000 white 
'0/1000 white 


Filter #3 


white 212-49 white 


Fig. 9 Visual tield studies on patient with glaucoma (J. .\.), showing effect of cataracts 
on glaucomatous defect !, visual field, incipient cataractous changes; visual acuity 6/15. B, 
visual field 15 months later, showing apparent increase in glaucomatous defects due to progres- 
sive lens changes and debris on pupillary space; visual acuity 6/60. C, visual field showing 
marked recovery after forced pupillary dilatation, which resulted in a visual opening and visual 
acuity of 6/9. 7), visual field repeated with ground-glass filter No. 3, showing loss of field; 
visual acuity 4/150 
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been appreciated because of a miotic pupil, the apparent loss of field might have 
heen interpreted as an indication for surgery. 


3. Effect of Cataractous Changes. 

1—J. age 47; Sept. 28, 1946. 

Visual Acuity.«—Vision was 6/12, with correction, in the right eye and 6/15, with correction, 
in the left eye. 

Tension. Intraocular tension was 31 mm. Hg (Schigtz) in the right eye and 26 mm. Hg 
(Schipgtz) in the left eye. 

External) Examination.—Both upper lids appeared. slightly retracted, but) von Graefe’s 
sign was not seen, The conjunctiva was normal, but the sclera appeared somewhat bluish. The 
pupils were 1 mm. in diameter and did not respond to light or in accommodation. [-xtraocular 
movements were full. 

Slit-Lamp [Examination.—Each anterior chamber was shallow. Posterior subcapsular and 
nuclear lens opacities were present bilaterally. 

Ophthalmoscopic Examination.—Right Eye: The disk was surrounded by a degenerative 
halo, most prominent below and temporally. There were a deep optic cup, dipping of the 
vessels on the margin, and exposure of the lamina cribrosa. No hemorrhages or exudates 
were seen, 

Left Eye: The disk was round, of good color, and surrounded by a beginning halo. The 
cup was shelved to the margin of the disk, over which the vessels appeared to bend 

Gonioscopte xamination.— Both angles appeared open. 

Diagnosts.—TVhe diagnosis was bilateral wide-angle glaucoma. 

Central lisual Field.—The central visual field in the left eye showed enlargement of the 
blind spot and marked nasal contraction to a 2/1000 white test object (Fig. 9 21). 

Ocular Course.—The ocular tension was not controlled on a miotic regimen, so an Elhot 
trephination was performed. After operation, the patient was cared for by several different 
ophthalmclogists. Mioties were constantly used. When he was next seen by us, 15 months 
later, the visual acuity had decreased to 6/60, without correction. This loss was due to a 
very small pupil, extensive posterior synechiae, and a pronounced deposit of debris on) the 
pupillary space. In order to chart a field, we had to employ large test objects. Marked 
contraction of the upper field was found, as well as baring of the blind spot (Fig. 9 By). The 
pupillary space was then opened by forcible dilatation of the pupil by the local instillation 
of 10% phenylephrine (Neo-Synephrine) hydrochloride, followed by a subconjunctival injection 
of epinephrine, cocaine, and atropine. The visual acuity immediately improved to 6/9, without 
correction, and the visual field improved markedly (Fig. 9 ©). Filter No. 3) was inserted, 
decreasing the visual acuity to 4/150, without correction, and the visual field obtained again 
with this lens in front of the eye became markedly constricted superiorly, im a manner very 
similar to the field prior to pupillary dilatation (Fig. 9 1)) 

Supject 2.—E. H.; age 79; March 17, 1950 

Visual cleuity Vision was 6/20 +, with correction, in the right eye and 6/12 . with 
correction, in the left eye, 

Fenston.-Tension was 32 mm. Hg (Schivtz) im each eye 

external spastic entropion was present bilaterally. Both pupils were 
small (1 mm.) and fixed. Extraocular movements were full 

Slit-Lamp [:xamination-—The endothelial surfaces of both corneas showed fine pigment 
deposits. The anterior chambers were of normal depth. Both lenses showed nuclear cataractous 
changes 

Ophthalmoscoptc A haze im the lens made examination of the fundi difficult, 
but each optic nerve appeared healthy. 

Gomoscopic Examination.—The angles were open, each trabeculum was heavily 
pigmented. 

Diagnosis —The diagnosis was bilateral wide-angle glaucoma and bilateral senile nuclear 
cataract. 
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Central Visual /ield.—The central visual field in the right eye showed marked concentric 
contraction to 5/1000 and 10/1000 white test objects (Fig. 10 4). 


Ocular Course.—Although the ocular tension was maintained at about 30 mm. Hg (Schigtz) 


with pilocarpine, the patient was instructed to go without her miotic for four days. At that 
time the tension rose to 46 mm. Hr. (Schidtz) in the right eye, the pupil dilated to 3 mm., 
and the visual acuity could be improved to 6/9 Examination of the central visual field was 
repeated and was found to be practically full to the same-sized test objects (Fig. 10 B). 


Comment.— The combination of pupillary constriction and cataractous changes 
can cause marked visual field changes, which may accentuate those due to chronic 
simple glaucoma. 


3mm Pupil 


5 / 1000 white E H white 
10/1000 white 10/1000 white 


Catoract E xtration Cotoract Extraction 
— 2/1000 white 2/1000 white 
wh 7-8- 49 


hig. 10.—Visual field studies on patient (E. H.), showing combined effect. of incipient 
nuclear cataract and miosis: 1, visual ficld, very contracted, taken with pupil constricted to 
1.5 mm.; visual acuity 6/20 +. B, visual field, practically full, taken with pupil 3 mm. in 
diameter; visual acuity 6/9. 


Visual field studies on patient with glaucoma (J. D.), showing effect of cataract extraction : 


C, visual field before cataract extraction, /), visual field after cataract extraction. 


4. effect of Cataract Extraction Upon the Visual Field Defects of Glaucoma. 
Supyect 1.—J. D).; age 63; April 19, 1934. 
Visual Acuity.-Vision was 6/9, with correction, in each eye. 


Tension.—Intraocular tension was 21 mm. Hg (Schigtz) in the right eye and 
Hg (Schigtz) in the left eye. 
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Manifest Refraction.—O. +050 sph. — 2.00 axis 90. O. 0.25 sph. 
—().75 cyl., axis 90. 

External Examination The episcleral vessels were dilated on both eyes The pupils 
were round, equal, and active. Extraocular movements were full, and convergence Was 
good. 


Slit-Lamp Examination. Remnants of a pupillary membrane in the left eye were the only 
abnormality seen. The anterior chambers were deep 

Ophthalmoscopt Examination.—Right Eye: lhe media contained many fine vitreous 
opacities. There was a temporal conus, and the vessels were situated at the nasal side of the 
disk The arterioles showed generalized narrowing, and there was definite arteriovenous 
compression. Throughout the retinal periphery were many fine, punctate areas of atrophy. 

Left Eye: The left eye was similar to the right. The optic disk showed broad exposure 
of the lamina cribrosa. 

Diagnosis.—The diagnosis was bilateral wide-angle glaucoma. 

Ocular Course.—Bilateral Ethot trephinations were performed im 1934 and the ocular 
tension was controlled. A central field of the left ey obtained on Jan. 31, 1939, revealed 
concentric contraction and a typical Bjerrum scotoma to a 2/1000 white test object (Fig. 10 ©). 
At that time, the refractive error in the left eye was a —6.00 sphere. ‘The myopia gradually 
increased, probably owing to nuclear sclerosts, until 1949, when the re fractive error Was 12.00 
sph 1.50 axis 75. Viston was sutliciently impaired that an intracapsular cataract 
and the 
central visual field showed marked improvement Phere was only concentric contraction ; 


extraction was performed at that time After this the visual acuity rose to © 6 


the Bjerrum scotoma disappeared, and the blind spot obtained with a 2/1000 white test object 
was of normal size (Fig. 10 1D), probably owing to clearing of the optical media 

Supyect 2.—M. B.; age 57, June 7, 1948. 

Visual Acuity.—Vision was 6/9, with correction, in the right eye and 6/9—, with correction, 
in the left eye. 

Tension.—Intraocular tension was 64 + mm. Hg (Schigtz) in the right eye and 30 mm. He 
(Schigtz) in the left eve. 

Vanifest Refraction —O. D + 0.50 sph. 1.50 cyl., axis 10,0. 5.: 4 0.50 sph. 
$1.50 cyl, axis 170. 

External Examination.— The ante rior chambers were very shallow The pupils were 2.9 
mm. in diameter and reacted to all stimuli, but through a very small amplitude 

Slit-Lamp Slit-lamp examination revealed only shallow anterior chambers 

Ophthalmosco pie Examination. Evaluation of the fundi was difficult, owing to miosis, 
but the optic disks did not appear to be cupped. 

Gonioscopic [xanunation, Right Eye: No portion of the angle was visible except i the 
region of 6 o'clock, where it was possible to see just beyond Schwalbe’s line. 

Left Eye: The angle was extremely marrow but appeared to be open, im contrast to the 
right eye. 

Diagnosis. —Vhe diagnosis was bilateral wide-angle (chronic simple) glaucoma. 

Ocular Course.—Pilateral iridencleises were periormed, which controlled ocular tension 
However, lens changes developed, and manifest refraction on Aug. 3, 1948, revealed 3.00 
sph. _ $2.00 cyl. axts 10 6/12 in the right eye. The central visual field nine months 
later, when the visual acuity had decreased to 6/30, showed complete baring ot the blind 
spot to a 5/1000 white test object (Fig. 11 4). By Feb. 11, 1950, the visual acuity could 
not be improved over © 150, and an intracapsular cataract extraction was performed. After 
this procedure the visual acuity could be improved to 6/6 and the central visual field showed 
only concentric contraction (Fig. 11 B). This suggested that aiter iridencleises the visual acuity 
and visual field deteriorated as the result of lens changes, and not from a continuation of the 
glaucomatous process 

Supyect 3.—H. K.; age 78; June 3, 1950. 


Visual Acuity Vision was 6/27, with correction, in each eye 
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TFenston.— Intraocular tension was 32 mm. Hg (Schigtz) in the right eye and 35 mm. Hg 


(Schigtz) in the left eye 
Iexternal The conjunetiva and sclera were clear. 


Both pupils were round, 
equal, and miotic. 


Slit-Lamp Examination. The lenses showed moderate nuclear sclerosis. 
Ophthalmoscopic Examination.—A view of the fundus details was somewhat blurred because 


of the lens changes, but the disks appeared well outlined and of good color. The cups were 


Catoract Extraction 


ee! white 


Catoract Extraction 


3/1000 white 
1000 white 


Cataract Extraction — 


on. 


6-3-50 W-22-50 / 1000 white 


2-=!0/1000 white 


hig. 1l.--Visual tield studies on patient with glaucoma (M 


B.) showing effect of cataract 
extraction, visual field before 


cataract extraction; 2B, visual field after cataract extraction. 
Visual tield studies on patient with glaucoma (H 


R.) showing effect of cataract extraction : 
C, visual tield before cataract extraction: /) 


. visual field after cataract extraction 


abnormally large and deep. The retinal arterioles were narrowed, and the light reflex was 


increased. There were no hemorrhages or exudates. 
Gontoscopte Examination. Both angles appeared to be open 
Diagnosis. The diagnosis was bilateral wide-angle glaucoma and bilateral senile cataract 
Central Visual Fields.—The central visual fields in the lett eye showed a definite nasal stop 
and baring of the blind spot to a 5/1000 white test object (hig. 11 ©). 
Ocular Course.—On June 20, 


1950, an intracapsular cataract extraction was performed on 
the lett eve 


The postoperative course was uneventiul except for the development of a marked 
choroidal detachment. This subsided, and on Nov. 22, 1950, the visual acuity was correctible to 
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6/7.5. At that time, the central visual fields were essentially full to a 5/1000 white test object, 
and there no longer was any baring of the blind spot (Fig. 11/2). In this patient, also, the 
central visual field changes characteristic of glaucoma must have disappeared after cataract 
extraction because of clearing of the media. 

Conclusion.—Cataracts may accentuate visual field defects of chromic simple 
glaucoma; such defects improve after cataract extraction. 


COMMENT 
Many factors influence the size of visual field defects. The ettects of miotic- 
induced myopia due to ciliary spasm, miosis, and cataractous changes occurring in 


glaucomatous and nonglaucomatous eves were studied and deseribed in this paper. 


Visual field defects can be accentuated by miosis and artificial myopia. When the 
artificial myopia is corrected by lenses, the visual field defect diminishes in size. 
Likewise, cataractous changes, particularly the nuclear type, diminish the amount 
of light falling upon the retina from the test object, and visual tield defects deter 
mined by a test target of the same size enlarge as the cataract develops. 

The importance of these factors when visual field studies are conducted on 
patients with glaucoma is obvious. Increasing visual field defects serve as one of 
the most important indications for surgery in the care of chronic simple (wide- 
angle) glaucoma. Factors, such as those studied in this paper, which can induce 
visual field changes, simulating those due to glaucomatous degeneration of the optic 
nerve, are of great importance because they might lead to il-considered surgery. 
They should always be kept in mind, and whenever an unexpected change occurs 
in the visual field of a patient with glaucoma they should be excluded as possible 
causes. Ideally, visual field determinations should be repeated at the same interval 
after instilling the miotic. Pupillary size should be recorded at each examination. 
Artificial myopia can be excluded by recording the visual acuity. Progressive visual 
field changes in patients with nuclear cataractous changes should be attributed to 
glaucoma with hesitation. The fundus should be studied for evidence of increased 
cupping of the optic nerve. Increasing myopia and diminishing visual acuity may 
indicate significant lens changes. Increasing nuclear cataractous changes are prob- 
ably the commonest explanation for continued visual field loss, which ts said to 


occur in 50% of eves after normalization of tension by surgery 


CONCLUSION 


Visual fields of nonpresbyopic patients with glaucoma should not be taken until 
after any accommodative spasm induced by miotic therapy has subsided, 

When the visual fields are charted in gliucomatous patients, the pupils should 
ideally be of the same size during subsequent examinations 

Increasing myopia associated with decrease in the size of the visual field) in 
glaucomatous eves suggests the progression of lens changes. 

Increasing Jens changes often explain the progression of visual field) defects 
following the control of glaucoma by either use of niotics or surgery. 

When one is following the course of glaucoma with visual field measurements, 
the status of the optical media should be carefully evaluated, for opacities (1.€ 
cataract formation) may cause an apparent loss of field and so lead to unwarranted 
surgery. 

10. Burke, J. W.: Field Changes After Satisfactory Filtration Operations for Glaucoma 
Tr. Am. Ophth. Soc. 37:149-157, 1939 
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A TYPE 


OF PARALYSIS OF CONJUGATE GAZE 
(OCULAR MOTOR APRAXIA) 


DAVID G. COGAN, M.D. 


AND 
RAYMOND D. ADAMS, M.D. 
BOSTON 


NABILITY to turn the eyes fully in one or more directions resulting from a 
supranuclear lesion is called paralysis of conjugate gaze. Several types are 
distinguished, Most familiar is the simple paralysis of conjugate gaze, resulting 
from a cerebral or brain stem lesion in which the eyes cannot be induced to move 
to one or both sides by any stimulus other than that arising in the labyrinth. Next, 
there 1s the so-called dissociated paralysis of gaze, in which there is unequal involve- 
ment of movements on command and on following stimuli. Then there is a type of 
paralysis due to basal ganglion or tectal disease, in which all control of the eyes for 
vertical movements is lost except for those movements associated with the labyrin- 
thine, or lid-closing, reflex. While this type has no specific name—indeed, it may be 
a variant of the simple paralysis of conjugate gaze, referred to above —it has gen- 
erally been classified with the broad and ill-detined group of disorders known as 
pseudo-ophthalmoplegias. Finally, there is a little recognized abnormality of con- 
jugate gaze which has been called ocular motor apraxia, in which willed movements 
of the eyes are impaired but random movements are retained. Our purpose in this 
brief report is to elaborate the details of the latter entity and to present two illus- 
trative cases, in one of which the brain was examined post mortem. .\s far as we 
know, the latter case is the first of its kind that has been subjected to pathologic 
study. 

The term ocular motor apraxia may or may not be well chosen. In neurologic 
vernacular, motor apraxia connotes a disturbance in which willed movements cannot 
be integrated to perform a purposeful act, although the movements can be individu- 
ally executed.’ Similarly, in ocular motor apraxia the eyes cannot be rotated in the 
desired direction when the patient's attention is alerted, although full movement may 
be executed at random.* Ocular motor apraxia differs from the simple paralyses of 
conjugate gaze chiefly in the preservation of random movements with the former 
and in the fact that effort tends to overcome the defect with the simple paralyses, 
whereas it tends to inhibit it with the apractic disorder. 


From the Howe Laboratory of Ophthalmology, Harvard Medical School, Massachusetts 
Eye and Ear Infirmary, and the Department of Neurology, Massachusetts General Hospital. 

1. Apraxia was classically defined by Liepmann (Liepmann, H.: Motorische Aphasie und 
Apraxie, Neurol. Centralbl, 33:298-299, 1914) to include motor apraxia, ideomotor apraxia, and 
ideational apraxia. It is only with the first that we are now concerned. 

2. It is, of course, taken for granted that the patient understands what is commanded of him; 
apraxia should not be confused with agnosia. 
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Although there are several references to ocular motor apraxia in the neuro- 
ophthalmological literature, the actual number of cases that have been reported in 
sufficient detail to permit differentiation from pseudo-ophthalmoplegia is very small. 
This includes the cases of Wilson * (1908), ‘Smith and Holmes * (1916), Walsh * 
(1947), and a congenital variety described by one of us (D.G. C.).* [tis true that 


several previous cases,” including one reported by Hughlings Jackson in 1866 (1! ),* 
probably were examples of ocular apraxia, but the descriptions of the eve movements 


were too brief to permit one to be certain of it. Contrariwise, it is reasonably certain 
that several cases * occasionally included in this group were not of ocular apraxia 
according to our definition of it. 

Wilson's case was one of many incorporated in a treatise on general apraxia. 
The patient was a young woman with mitral stenosis in whom hemiplegia developed 
as a consequence of an embolic occlusion of a cerebral artery. She is deseribed 
as follows: 


On examining the patient one is at once struck with her immobility and lack of spontaneity. 
She rarely speaks unless spoken to; she still more rarely makes any voluntary movement of 
non-paralyzed right limbs... . She is quite incapable of making any grimace, of smiling, 
or laughing; her reply is “I can't.” She is incapable of closing her eyes on request. . . . She 
is unable to look voluntarily to the right or left and it is only with difficulty that she can be 
tempted to gaze in cither of these directions by the stimulus of a sound or otherwise. Yet there 
is no paralysis of conjugate deviation at all. 


No further information is given as to the localization of the lesion or the course of 
the clinical symptoms. 

In the case deseribed by Smith and Holmes * the patient had had a transeranial 
bullet wound, the bullet entering the right parietal lobe and passing through the left 
anterior parietal region into the lower posterior portion of the left frontal lobe. For 
several weeks following the injury there was an apraxia of both arms, and probably 
of both legs as well. The patient was unable to manipulate a knife, light a cigarette, 
or even rotate a book that had been handed him upside down, although there was 
no paralysis and he turned the pages readily. The ocular deficiency consisted in 
inability to turn the eyes in a desired direction, although there were full random 

3. Wilson, S. A. K.: A Contribution to the Study of Apraxia: With a Review of the 
Literature, Brain 31: 164-216, 1908. 

4. Smith, S., and Holmes, G.: A Case of Bilateral Motor Apraxia with Disturbance of 
Visual Orientation, Brit. M. J. 1:437-441, 1916 

5. Walsh, F. B.: Clinical Neuro-Ophthalmology, Baltimore, Williams & Wilkins Company, 
1947, 

6. Cogan, D. G.: A Type of Congenital Ocular Motor Apraxia Presenting Jerky Head 
Movements: Jackson Memorial Lecture, Tr. Am. Acad. Ophth. 56:853-862, 1952. 

7. Tiling, cited by Holmes, G.: Cerebral Integration of the Ocular Movements, Brit M. J. 
2:107-112, 1938. Herzog: Causuisticher Beitrag zur Lehre von der motorischen Apraxie, 
Ztschr. klin. Med. 53:332, 1904. Lewitzky: Fin Fall von Willenslahmung der koordinierten 
Augenbewegungen, Jahresb. ges. Ophth. 40:509, 1909. Kestenbaum, A.: Clinical Methods of 
Neuro-Ophthalmologic Examination, New York, Grune & Stratton, Inc., 1946, p. 206. 

8. Jackson, J. H.: Notes on the Physiology and Pathology of Language: Remarks on 
Those Cases of Disease of the Nervous System in Which Defect of Expression Is the Most 
Striking Symptom, Med. Times & Gaz. 1:659-662, 1866. 

9. (a) Gowers, W. R.: Note on a Reflex Mechanism in the Fixation of the Eyeballs, 
3rain 2:39-41, 1879. (b) Bristowe, J. S.: Recent Tubercle of the Pons Varolii (with Potential 
Double Conjugate Deviation of the Eyes) and Old Congested Tubercular Mass in the Cere- 
bellum, Brain 14:289, 1891. 
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movements of the eyes. Thus, when the patient was asked to look in one or the other 
direction, he either stared straight ahead or looked in the wrong direction, or let 
his eyes move about in an irregular manner until they chanced to meet the object of 
attention. Further, this patient showed no reflex blinking or withdrawal of the 
head when a hand was thrust threateningly toward his face. 

Walsh '’ observed ocular apraxia in a case of meningovascular syphilis. The 
patient was unable to move his eyes in any direction on command or hold fixation 
for more than a few moments but did show full purposeless movements. The patient 
gave the impression of being blind, even though visual acuity was normal and the 
visual fields were unrestricted, 

The patients previously described ® as having congenital ocular motor apraxia 
similarly showed a deficiency in moving their eyes voluntarily to either side on 
command or when their attention was suddenly alerted by an object on one side. 
There were, however, full random movements of the eyes. Unlike the acquired 
variety, head movements were not apractic ; in consequence, the presenting symptom 
of the congenital type was the sudden thrusting of the head by which the patient 
compensated for the ocular apraxia. 

While the foregoing instances appear to be the sum total of cases of ocular 
apraxia that have been reported in human beings, it is perhaps pertinent to mention 
that experimental animals in which bilateral frontal lobe lesions had been produced 
have shown a similar inability to fix the gaze and a consequent appearance of inatten- 
tion,’' despite full eye movements. It may also be noted that human infants normally 
exhibit a state closely analogous to apraxia of the eyes during the first weeks of life 
At least one obtains the impression that, despite the abundant random movements, 
the infant is unable to fixate an object that attracts his attention. 


REPORT OF CASES 
The following two cases are presented as instances of ocular apraxia. 


Case 1.—Postpartum thrombosis of the sagittal sinus in a patient showing neurologic and 
electroencephalographic evidence of a bilateral frontal lobe lesion, most pronounced on the right 
side. The eyes showed preservation of random and vestihbulogentc movements, but deficiency 
of volitional movements both on command and in following stimuli, with greater mvolvement 
of movements to the left 

H. He, a Negro woman aged 27, was admitted to the neurological service of the Massachusetts 
General Hospital with a diagnosis of postpartum thrombosis of the cerebral vein. 

The pregnancy, which was the patient's first, had been uneventful except for crosion of the 
cervix and slight swelling of the leg. However, labor began spontaneously in the seventh 
month, and by means of low forceps the patient was delivered of a 4 Ib. 14 02. (2,190 gm.) girl 
Procaine spinal anesthesia was used 

On the fourth postpartum day, while still at the Lying-In Hospital, the patient complained 
of a headache. On the fifth day she had two generalized convulsions, with tonic contractions 
of both arms and both legs and incontinence of urine and feces. The eyes were turned up and 


to the left sefore the second convulsion, she had complained that she had difficulty in using 


10. Walsh,® p. 2 

Il. Walsh Ferner, D The Funetions ot the Brain, London, Smith, Elder & Co., 1876 
Goltz, F.: Cher die Verrichtungen des Grosshirns, Arch. ges. Physiol. 34:450, 1884. Bianchi, L.: 
The Mechanism of the Brain and the Funetion of the Frontal Lobe, translated by J. H. 
MacDonald, Baltimore, William Wood & Company, 1922. Kennard, M. A Alterations in 
Response to Visual Stimuli Following Lesions of Frontal Lobe in Monkeys, Arch. Neurol. & 
Psychiat. 42:1153-1165, 1939 
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her arms, and she could not pull herself up in bed. The cerebrospinal fluid was under a pressure 
of 200 mm. of water and contained 112 red cells and 1 lymphocyte per cubic millimeter and a 
total protein of 25 mg. per 100 ce. The white blood cell count was 7,900; the Wassermann 
reaction was negative, and normal values were obtained for nonprotein nitrogen, chloride, sodium, 
potassium, and carbon dioxide. Uterine cultures yielded no pathogens. 

After the convulsions, on the fifth postpartum day, the patient began having a daily rise 
in temperature to 101 F., and the white blood cell count rose to 12,100. Progressive apathy and 
motor retardation were noted. When questioned, the patient was exceedingly slow in responding 
Most of the time she lay with her eyes closed, and no movements of limbs were observed. At 
times she attempted to use the right arm, and in doing so made inapposite movements, which 


led to the suspicion of hysteria or catatonic schizophrenia. The eyes showed a characteristic 
lack of fixation, which will be described more fully below. There were left hemiplegia and 
paralysis of the right leg. The legs were maintained in a position of extension and were spastic ; 
: the tendon reflexes were greatly increased, with bilateral ankle clonus. The plantar reflexes 
were of extensor type, this response being more marked on the left than on the right. The 
patient was incontinent of urine. Sensation was intact as far as could be determined. The neck 
was not stiff. 


On the eighth postpartum day, the neurologic abnormalities and the ocular motor disorder 
were still present. The slowness of response was at this time the most remarkable finding. 
When she was asked a question, there was a long latent period before any response was forth 
coming ; and, though entirely appropriate, the reply was usually limited to one or two words and 
was often accompanied by a deep sigh. She was oriented as to time and place. No smile or other 
display of emotion could be elicited. In fact, the patient had the appearance of being exhausted 
and much bored by any interrogation. Despite this lack of spontaneity, she was concerned about 
the condition of the newborn infant and her own illness 


From the 8th to the 14th day post partum, there was little change in the patient's condition, 
The paralysis of the left arm and both legs persisted. The right arm was the only limb that 
was engaged in purposive movements. The right leg showed occasional withdrawal movements 
in response to pressure against the foot, but no voluntarily induced movements. She was unable 
to move herself in bed, and one of her few spontaneous acts was the request to have her position 
in bed changed. The electroencephalogram showed diffuse high-voltage slow waves in the 
frontal leads, more pronounced in the right hemisphere than in the left. Repeated convulsions 
involving the left side, eventually requiring control by ether anesthesia, oceurred on the 9th 
and 10th postpartum days. 

Two further lumbar punctures disclosed initial pressures of 240 to 260 mm. of spinal fluid, 
a white blood cell count of less than 5 per cubic millimeter, and a protein content of 32 mg. 
per 100 cc 

On the Ith postpartum day, the patient began to take more interest in her environment, 


even exhibiting a fleeting smile now and then, Improvement continued in the succeeding days 


She had a temporary setback, caused by thrombophlebitis of the legs, beginning on the 15th day, 
and this was treated by ligation. Recovery from the paralysis of the right leg took place about 


this time. On several occasions, the patient made the interesting observation that she was 


able to move her legs only when she made no conscious effort to control them. She could not 

purposefully move them. She explained this incapacity for volitional movement as follows: 

“IT get to thinking about it [moving some part] and get afraid I won't be able to do it, and 

just can’t make it move, . . . whereas movements could be well performed when I am_ not 

thinking about it.” It was also noted that there was marked resistance to passive movements 

of the left arm. The arm was maintained in a position of flexion. Although there was a 

7 transient sensation of formication on the left side of the body, no objective disturbance of 
sensation could be detected 

By the 20th postpartum day, some degree of voluntary control of the left arm and leg 

returned, and the spasticity of the limbs lessened. She was then alert and cheerful. It was 

possible for her to walk with difficulty by the 50th postpartum day, though slight spasticity 

of the left arm and leg and bilateral extensor plantar reflexes were still present. The patient 

was still unable to perform such purposeful movements as write or hold a knife or fork. 

sy the third month post partum she was able to perform these acts, and all trace of paralysis 
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had disappeared. The only residual neurologic abnormality was an equivocal plantar reflex 
on the left. The patient stated, however, that she was unusually forgetful in matters of names 
of objects, of people, and of her duties in routine housework. Ten months after delivery she 
reported in a follow-up visit that she had attacks of amnesia. Objective examination showed 


no abnormality. 


Ocular Status—The disturbance of ocular movement was one of the most conspicuous features 
of the clinical picture. During the first few days after the onset of the illness, the eyes were 
closed most of the time, but through the closed lids one could see wide pendular oscillations. 
These were horizontal, regular, and rhythmic, having a frequency of approximately one complete 
cycle every second. When the patient opened her eyes, as she did in response to command, or 
when she heard someone enter the room, she either gazed straight ahead or moved her eyes 
about at random. There was no apparent attempt at purposive fixation by head or eye move- 
ments. It was this inability to respond effectively by speech, gesture, or visual fixation, although 
the patient appeared to understand, that created the superficial impression that she was unco- 
operative or negativistic 

The pupils were normal in size and reactions. The optic disks and the retinal vessels were 
normal. She indicated an awareness of objects in all four quadrants of the visual fields but made 
no effort to fixate and regard such stimuli. In fact, during the first 10 days after the onset 
of the patient's condition, the whole act of regarding a visual stimulus seemed quite impossible 
When, however, a sizable object, such as a person’s face, came into line with the patient’s gaze, 
she would hold fixation. If the object was moved slowly, she would follow it accurately. How- 
ever, when asked to look at another object, she was incapable of doing so. Instead, she either 
maintained the original fixation or made random movements and never succeeded in accurately 
fixating the second object. She often looked at one person while replying to the questions of 
another. On one occasion, when asked to name the color of the necktie worn by the examiner 
standing at the left of her bed, she accurately described the necktie worn by another person 
at the foot of her bed at whom she had been looking at the time the question was given. In 
this and in other acts it seemed as though her eyes, once fixed on an object, could not readily 
be disassociated from that object.’ 

During these first 10 days, only an abortive opticokinetic response was obtained, but it was 
approximately symmetrical on the two sides. The patient’s visual fields were full, and visual 
acuity measured with a readimg card was normal. Passive movements of the head evoked 
normal contraversive deviation of the eyes, and irrigation of the ears with cold water resulted 
in a normal amount of nystagmus and vertigo. 

On the 10th postpartum day, there was some improvement in the patient's eye movements, 
and it was at this time that she volunteered the previously mentioned explanation of her ocular 
motor difficulty. She was occasionally able to fixate objects on her right by turning her head 
to that side, but only with considerable hesitation and inaccuracy. This disability of fixation could 
be further increased by immobilizing the patient’s head. She could not, however, fixate objects 
on her left side even when the head was free to move. She remarked that she did not “know how 
to look at objects on the left side.” When she was repeatedly urged to do so, only random 
head and eye movements resulted, and these were often to the wrong side. 

By the 17th postpartum day further recovery of the eye movements had occurred. The 
patient was then able to fixate accurately objects on either side but still with much more 
hesitation and inaccuracy on the left than on the right. In reading a comic book, she seemed to 
have difficulty in looking at successive pictures. There was a long pause as she attempted to 
turn her eyes from one picture to the next. There was a sustained opticokinetic response on 
movement of the visual field to the patient's left, but only a poor response on movements of 
the field to the patient’s right. Convergence, which could not be tested previously, was well 
performed. The patient then smiled on occasion and volunteered that her lack of smiling 
previously had been similar to the difficulty she had had with her eyes; i. e. she had lost 
control of them. 


12. A similar 


‘spasm of fixation” has been described by several authors ({a] Gowers. 
[b] Holmes, G.: Spasm of Fixation, Tr. Ophth. Soc. U. Kingdom 50:253-262, 1930. [c] Ford, 
F. R., and Walsh, F. B.: Tonic Deviations of Eyes Produced by Movements of Head, with 


Special Reference to Otolith Reflexes: Clinical Observations, Arch. Ophth. 23:1274-1284, 1940). 
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sy the 24th postpartum day the eyes seemed completely normal by all gross tests. Movements 
in all directions were executed readily and fully on command. The opticokinetic response was 
well sustained and equal on the two sides. 

Comment.—Clinical diagnosis in this case seems reasonably certain. Onset of convulsions and 
bilateral paralysis of the limbs on the fourth to fifth postpartum day constitute the well- 
recognized syndrome of postpartum thrombophlebitis. Cerebral paraplegia with left) brachial 
monoplegia, without sensory loss, aphasia, or visual field defect, localized the disease process 
to the superior and paramesial parts of the frontal lobes. This localization was confirmed by 
the electroencephalogram. Presumably, there was a thrombosis of the anterior hali of the 
sagittal sinus, and probably of the cerebral veins as well. 

The patient had apraxia of her limbs, trunk, head, face, and eyes; this became more apparent 
as she recovered. The accuracy of the few responses that she did make excluded agnosia, and 
her own testimony bore out the clinical impression that she knew what she wanted to do but 
could not do it. Random and apparently purposeless or involuntary movements of the eyes 
were retained, whereas movements on command were abolished. At first, this paralysis of 
voluntary movements of the eyes was complete, but during recovery it was confined to the left 
side. Associated with this inability to turn the eyes were the analogous inability to turn the head 
voluntarily and loss of control of the movements of facial expression. 


Case 2.—Paralysis of volitional movements of the eyes to the left with retention of random 
movements occurring in a patient with a tumor in the right frontal and parietal lobes. 

M. C., a housewife aged 32, was referred to the neurological service of Massachusetts General 
Hospital by Dr. Hannibal Hamblin, with the chief complaint of paralysis of the left arm of seven 
days’ duration. 

The only noteworthy abnormality in the patient’s past history was partial blindness of the 
right eye of one week's duration, occurring 10 years previously. This had been due, according to 
the patient, to “pus around the optic nerve from a tooth.” 

At the time of the present hospital admission, the patient was in the fourth month of her 
second pregnancy. The pregnancy had proceeded uneventfully up to that time. 

The onset of the present complaint was dated, according to the patient, to sore throat and 
coryza 10 days prior to the present admission. Three days later she noted that her left hand 
was weak and clumsy and felt as though she had slept on it. ‘The weakness progressed rapidly 
during the next 24 hours and on the following day involved the muscles of the arm. She then 
had a series of unilateral convulsions of the left arm and leg. The patient also complained of a 
sensation of numbness about the left side of the mouth, a stinging sensation of the left palm, 
and a right frontal headache 

When first examined, she was alert and rational. There was a left hemiplegia, involving 
the face, arm, and leg. The deep reflexes were equal in the arms, but were more active in the 
left leg than in the right. The plantar reflex was of flexor type on both sides. Sensation was 
normal. The cerebrospinal fluid was under a pressure of 124 mm. and contained no cells; the 
protein content was 60 mg. per 100 ce. 

During the next few hours the patient had a number of focal seizures involving the left arm 
and the left side of the neck. Occasionally she experienced a feeling of “pins and needles” in 
the left hand and arm, and sometimes numbness of the left side of the face. These seizures 
lasted several minutes and were unaccompanied by loss of consciousness 

Within the next day or two after admission the patient became drowsy. The left hemiplegia 
was then complete. She had difficulty in swallowing. The reflexes were generally brisk, being 
more quickly elicited on the left than on the right, and the left plantar reflex was extensor in 
type. The patient tended to keep the head turned to the left and resisted any attempt to turn it 
to the right. Sensation was still intact throughout, though testing had become increasingly 
difficult. 


The patient's condition worsened rapidly. By the second day she responded to questions 
only by groans and vomited repeatedly. The right pupil became widely dilated, whereas the 
left was small, and both were fixed to light. Burr holes were made in the right occipital and 


temporal regions, and the brain was observed to be under increased pressure. A right subtemporal 
decompression was then done. 
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During the subsequent three weeks the patient remained in a stupor, with wide fluctuations 
in the state of consciousness from hour to hour. The pupils returned to normal in size and 
reactions. Another lumbar puncture revealed a pressure of 4600 mm., with xanthochromia, 2 red 
blood cells and 3 lymphocytes per cubic millimeter, and a total protein level of 60 mg. per 100 ce 

\ ventriculogram was then done, showing displacement of the anterior horns and bodies of 
the lateral ventricles. This was interpreted as indicating a high right parasagittal lesion 
Cramotomy disclosed a large tumor, several centimeters im diameter, near the midline in the 
frontal and anterior parietal area. The patient remamed unresponsive after the operation and 
died on the third postoperative day 

\utopsy showed a secondary ovarian carcinoma diffusely infiltrating the right frontal and 
parietal lobes (Figure, .1) 

Ocular Status.— The patient did not volunteer any complaint referable to her eyes, and with 
the convulsive seizures no deviation of the eyes was noted, despite the turning of the head to 
the lett and the twitching of the eyelids. Nevertheless, during the first week of her symptoms 
there was obvious impairment of gaze to the left. This was manifest as slowness and inaccuracy 
of response when the patient was asked to look to the left, as compared with the response on 
gaze to the right. Being unable to turn the eyes smoothly to an object on the left, the patient 
resorted to random and objectively purposeless movements until her gaze happened to be 
directed to the left. Attempts at upward gaze also resulted in abortive movements, but whether 
these were due to lack of effort or true weakness could not be determined. The eyes could be 
turned to fixate accurately on an object in the right visual field either spontaneously or on 
command. Convergence movements could not be elicited. The pupils and fundi were normal. The 
visual acuity was approximately normal, and the fields appeared full with the confrontation test 
Unfortunately, testing was not done for the following movements or for the opticokinetic 
respotise 

After ventriculography, adequate examination of the eyes was difficult because of the reduced 
state of consciousness. The patient kept her eyes closed most of the time. When she was 
sutheiently alert to open the lids on command, she ordinarily showed no movements of the eyes, 
even while recognizing familiar persons in the room. At occasional intervals, however, she 
would gaze to the right, or up or down, but rarely to the left. Just prior to the craniotomy 
she was thought to have leit hemianopsia; but because of the disorientation and impairment 
of consciousness at the time, reliance could not be placed on her responses. 

Comment.-This patient had a rapidly advancing tumor of the right parietal and posterior 
frontal regions, probably involving the corpus callosum (igure, -f and B). Although there 
were fully involuntary movements of the eyes to either side, the patient was unable to turn het 
eyes voluntarily to the left. This might well have been attributed to poor cooperation had not the 
eye movements to the right been prompt and full on command. By comparison of the two sides 
on repeated testing, there was little doubt that this was a true, and apparently unilateral, apraxia 


of the eyes. No apraxia other than that of the eyes was noted. 


COMMENT 


The type of paralysis deseribed here and called ocular motor apraxia must be 
ditferentiated from the simple paralysis of conjugate gaze, from other forms of 
pseudo-ophthalmoplegia, and from hysteria, 

The simple paralysis of conjugate gaze that results from unilateral cerebral 
lesions is usually transient, and recovery oceurs within a few hours after restoration 
of consciousness. There is impairment of both voluntary and random movements 
of the eves; and it is noteworthy that the harder the patient tries to turn the eyes, 
the more etfective is the act. The same applies in general to the more lasting paralyses 
of brain-stem origin, With ocular motor apraxia, on the other hand, the random 
movements are relatively well retained or may be normal; the harder the patient 
tries to turn his eves in the desired direction, the more he is unable to do so. Ocular 
motor apraxia appears to involve a higher order of conjugate control of the eves 
than in the case of the simple paralyses of conjugate gaze. [tis more strictly limited 
to the sphere of volitional control. 
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The tumor was located in the right parietal and posterior frontal region of the 
Autopsy revealed an operative defect, measuring 7.0 em 
in width, and 4.5 em. in depth, in the right parietal lobe. It extended to the 
lateral ventricle. The walls of the defect were hemorrhagic 
tissue remained, along the anterior and lateral margins of the defect. There 
of the white matter anterior and posterior to the operative 


brain. 
In anteroposterior diameter, 1.5 em. 
atrium of the 
and only a small amount of tumor 
was marked edema 
defect. (cross-hatched area in A), 
as well as general brain swelling. The lateral and third ventricles were displaced to the left. A 
pronounced cerebellar pressure cone was present, and the medial part of both temporal lobes 
had been grooved by the free edge of the tentorium. 

The tumor was extremely cellular. The cells were arranged in nests and broad sheets, 
with little intervening connective tissue. Most of the cells were small, with hyperchromatic, 
irregularly shaped nuclei and eosinophilic cytoplasm. Mitoses were frequent. There were a few 
tumor giant cells. Portions of the tumor were necrotic. In places the tumor cells appeared to have 
secreted a colloid material. This tumor was similar in appearance 


to one that was found in the 
Ovary 
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Qf the pseudo-ophthalmoplegias, confusion might occur with that type described 
by Bielschowsky,’* Fischer,’* lord and Walsh,'* and others, in which there is a 
complete paralysis of all conjugate movements in one or more directions except 
those under labyrinthine control. This abnormality has a further characteristic in that 
the vertical movements are selectively or preferentially affected. 

‘The site of lesion with ocular motor apraxia would appear to be in the premotor 
area of the frontal lobe. The site of the lesion causing simple paralyses of conjugate 
gaze may also be in the frontal lobe and other parts of the cerebrum and brain stem, 
whereas the lesion or lesions causing pseudo-ophthalmoplegia is presumably in the 
basal ganglia or the tectum. 

With ocular motor apraxia, the paradoxical preservation of full random move- 
ments but absence of volitional movements may suggest a functional disturbance, 
such as hysteria or negativism., These can be excluded, as in all types of apraxia, 
only by convineing evidence that the patient is making a real attempt to execute the 
act that is requested. This evidence may become clear-cut, as in one of the present 
cases, only during the recovery stages of the disease. 

Finally, it may be pointed out that the present discussion has no bearing on the 
controversies surrounding the so-called dissociated paralysis, in which there is a 
disproportionate involvement of the movements on command and those on following 
stumuli, In the present patients the following and the command movements were 
equally involved throughout the clinical course. 


SUMMARY 
cular motor apraxia ts a distinet entity characterized by loss of volitional control 
of the eyes but with preservation of full random movements. 


‘Two cases of ocular motor apraxia are described. One patient is believed to have 


had postpartum thrombosis of the sagittal sinus and cerebral veins. The other patient 


had a secondary ovarian carcinoma involving primarily the right parietal region. 

13. Bielschowsky, A Das klinische Bild der assozierten Blicklahmung und seine Bedeutung 
tur die topischen Diagnostik, Munchen. med. Wehnschr. 50:1666-1670, 1903. 

14. kischer, M. H.: Messende Untersuchungen uber die Gegenrollung der Augen und 
die Lokalisation der scheinbaren Vertikalen bei seitlicher Neigung (des Kopfes, des Stammes 
und des Gesamtkorpers), von Graefes Arch. Ophth. 1918:633-080, 1927, 
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ENDOGENOUS UVEITIS IN CHILDREN 
Associated Band-Shaped Keratopathy and Rheumatoid Arthritis 


MATTHEW DINSDALE DAVIS, M.D. 
MADISON, WIS. 


. yy IS difficult to evaluate the incidence of endogenous uveitis in children. Many 
excellent texts do not even mention the age incidence of uveitis, and few adequate 
statistics are given in the literature. Basing a judgment on the statistics that have 
been presented, one must conclude that active uveitus is not often seen before the 
late teens. Blegvad,' in 1941, in a series of 896 patients with iridoeyelitis, found 
only 20 to be under the age of 15 years. In Guyton and Woods’s * careful study, 
published the same year, only 7 of 562 patients with uveitis were 9 years of age 
or less, while 59 patients were aged 10 through 19 years, more of these being proba- 
bly in the second half of the second decade than in the first. Marchesani,* in 1949, 
found 17 of 451 patients with iridocyelitis to be under the age of 15 years. 

With regard to etiology, little attention has been given to the pediatric age 
group, except for the chorioretinitis of congenital syphilis and for a smali number 
of cases that have appeared in the literature of the past 45 years demonstrating the 
triad of bandshaped keratopathy, iridocyelitis, and arthritis occurring in children. 
It is now apparent that the arthritis occurring in these cases is of the rheumatoid 
type. Since so many of the articles dealing with iridoeyelitis in children have been 


concerned with this syndrome, the pertinent literature will be briefly reviewed, 


REVIEW OF LITERATURE 


Fifty-six cases of this syndrome have been reported to date, only 3 of which 
have appeared in North American journals. The first recorded cases, of Ohm,° 


Resident in Ophthalmology; now on temporary leave of absence attached to the First 
Marine Aircraft Wing. 
From the Department of Ophthalmology, University of Wisconsin Medical School, and the 
State of Wisconsin General Hospital 
1. Blegvad, O.: Iridocyclitis and Disease of the Joints in Children, Acta ophth. 19:219-236, 
1941. 
2. Guyton, J. S., and Woods, A. C.: Etiology of Uveitis: Clinical Study of 562 Cases, Arch. 
Ophth. 26:983-1018 (Dec.) 1941. 
3. Marchesani, O.: Beitrage zum Problem der endogenen Augenentzundungen: III, Alters- 
und Geschlechtsdisposition, von Graefes Arch. Ophth. 149:69-94, 1949 
' 4. (a) Wong, R. T.: Band-Shaped Opacity of Cornea Associated with Juveniie Atrophic 
Arthritis: Report of Case, Arch. Ophth. 26:21-24 (July) 1941. (b) Bane, W., and Sherwood, 
R.: Band Keratitis and Uveitis in Polyarthritis, Am. J. Ophth. 24:701-702 (June) 1941. 
(c) Kurnick, N. B.: Rare Syndrome of Band-Shaped Keratitis and Arthritis, Am. J. Dis. Child. 
63:742-747 (April) 1942. 
5. Ohm, J.: Bandférmige Hornhauttribung bei eimem neunjahrigen Madchen und _ ihre 
Behandlung mit subconjunctivalen Jodaliumeinspritzungen, Klin. Monatsbl. Augenh. 48:243-246, 
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Fuchs,” Uhthotf,’ Behmann,” Waubke,” and Hauptvogel,'” were presented because 
of the rarity of band-shaped corneal opacity in the eyes of children whose vision 
was sull relatively good. In 13 of 14 cases of band-shaped keratopathy described 
by these authors, there were residua of old iritis or active iritis at the time of 
examination, In 6 of these 13 case reports a history and/or physical findings of 
arthritis are mentioned, but this association is not emphasized. In 1933, Fried- 
lander '' described two cases of iritis associated with juvenile rheumatoid arthritis 
and emphasized their relationship. In one of these cases band-shaped keratopathy 
Was present at the time of examimation, and in the other it developed later.'. During 
the next 17 years more cases were deseribed,'? and in 1950 Vesterdal and Sury,'* 
in an excellent article, reviewed the literature and added 20 cases of the complete 
triad, with an additional 14 cases of iritis associated with rheumatoid arthritis but 
without band-shaped keratopathy. Four more cases have appeared since their 
Few cases of iritis alone associated with juvenile rheumatoid arthritis 


6 Fuchs, k Uber grutelformige Hornhauttrubung, Klin. Monatsbl. Augenh. 61:10, 1918 

7. Ubthoff, W hin ball von typischer bandformiger Trubung der Hornhaut auf beiden 
Nugen bei einem &-jahrigen Madchen mit teilweiser erhaltener Sehkraft und hinteren Synechien ; 
anatomische Untersuchung, Klin. Monatsbl. Augenh. 60:11-20, 1918. 

& Behmann, A Zwei kalle von bandformiger Hornhauttrubung an sehenden Augen von 
jugendlichen Patienten, Klin. Monatsbl Augenh. 66:450-454, 1921 

9 Waubke, H Zur Kenntmis der bandformigen Hornhauttrubung sehenden Augen, 
Klin. Monatsbl. Augenh. 69:78-82, 1922. 

10. Hauptvogel, J Cher bandformige Hornhauttrubung, Klin. Monatsbl. Augenh. 69:763 
769, 1922 

11. Friedlander, Ao: Two Cases of Chronie Septie Polyarthritis in Children with Ocular 
Complications (Iridceyelitis), Ugesk. lager 95:1190-1194 (Nov. 2) 1933. 

12. (a) Blegvad.' Marchesam (c) Wong. (d) Bane and Sherwood” Holm, 


Ie Iridoevelitis and Ribbon-Like Keratitis in Cases of Infantile Polyarthritis (Still’s Disease), 
Pr. Ophth. Soe. Kingdom §5:478-482, 1935. (f) Karsh, J Arch. Augenh. 210: 106-110, 
1937. (ag) Hassler, \ugenkomplkationen ber Polvarthritis chronica intantilis und Still’scher 
Krankheit mit emer kritischen Bemerkung uber dic Pathogenese der allgemeinen rheumatischen 
Infection, Monatsschr. Kinderh. 77:23-29 (lan.) 1939. (i) Zeeman, W. ¢ Band-Shaped 
Degeneration of Cornea and Chrome Arthritis in Children, Nederl. tidsehr. geneesk. 84:134-141 
(Jan.) 1940. (1) Maggi Zavalia, J.. and Amado, C. Iridociclitis bilateral y opacidad en 
banda de la cornea en la entermedad de Still, An. argent. de oftal. 3: 189-203 COect.-Dee.) 1942 
(7) Poulsen, A. G Articular Disease (Periarthritis) and Chrome [ridoeyelitis Children, 
Nord. med 35:1963-1965 (Sept. 26) 1947. (k) Moreira de Carvalho, J Degeneragao em 


faixa da cornea e¢ iridocielite combimadas a donenea de Still, J. pediat., Rio de Janeiro 13:152-162 
(July) 1947. ¢/) Hobbs, Ho Bo: Ocular Defeets in Still's Disease, Proe. Roy. Soc. Med. 42:755- 
756 (Sept.) 1949 

13. Vesterdal, F., and Sury, Bo: Tridoeyelitis and Band-Shaped Corneal Opacity in Juvenile 
Rheumatoid Arthritis, Acta ophth, 28:321-337, 1950, 

14. (a) Wagner, Bandtormige Hornhauttrubung und [ritis als Symptom einer besonderen 
Form des Gelenkrheumatismus beim Kinde (Morbus Still), Klin. Monatsbl Augenh. 117:161- 
168, 1950. Hatherley, ko: Uveitis and Band-Shaped Keratitis in a Case of Still's Disease, 
Proce. Roy. Soe. Med, 44:978-979 (Novy.) 1951. Hartmann, K.: Bandformige Hornhautde- 
generation, [ritis und kompl. Katarakt als Symptomentrias einer Polyarthritis chronica infantilis 
leukocytotica (Stillsches Syndrom), Klin. Monatsbl. Augenh. 121:216-221, 1952. (d) Rabadan 
Fernandez, Po: Degeneracion bilateral en banda de la cornea y alteraciones del aparato loco- 
motor, Arch. Soc. oftal, hispano-am. 10:54-59 ( Jan.) 1950; abstracted, Am. J. Ophth. 33:1169 
(July) 1950 

15. Blegvad.' Vesterdal and Sury.'* Portis, Ro B Pathology of Chronic Arthritis of 
Children (Still's Disease), Am. J. Dis. Child. 55: 1000-1017 (May) 1938 
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have been mentioned in the literature, perhaps because in the absence of band-shaped 
keratopathy cases have not been considered wirth reporting. Franceschetti, Blum, 
and Bamatter," in an tnportant contribution, reported 14 additional cases of 
chronic iridocyelitis associated with juvenile rheumatoid arthritis. ‘They stated 
that the “ocular lesions consist of a slow chromite iridoeyelitis, an early band-shaped 
degeneration of the cornea, and a complicated cataract,” but they did not designate 


specifically whether these three lesions were present in each and every case. 


BAND-SHAPED KERATOPATILY 


It is beyond the scope of this paper to discuss the pathology of band-shaped 
keratopathy or all the various etiologic types known to occur, Consideration will 

° he limited to that variety associated with the syndrome under discussion. 
Most authors are agreed that the band-shaped keratepathy in these cases is 
secondary to the iridoevelitis. It is felt that the disturbed aqueous physiology 


caused by the iridoeyelitis leads to impaired nutrition of the cornea, predisposing 
it to caleitie degeneration. [tis well known that caleifieation may occur in almost 
any tssue in which the metabolism is sufficiently impaired, even in the presence 
of normal blood ealeitum levels.'!* Unfortunately, blood phosphorus, and 


phosphate levels are not mentioned in most of the case reports of this syndrome 


appearing in the literature. In Kurnick’s * case the blood calcium was elevated, 


while in two cases mentioned by Loewenstein '" the calcium level was normal, 


Since calcium blood levels are usually normal in rheumatoid arthritis,’ there is 
no reason to suspect that the band-shaped keratopathy is related to an inereased 
blood calcium (unless the patients have received toxic doses of vitamin In 
the two cases of band-shaped keratopathy to be presented in this paper, the blood 


was normal. 


Wagner |" suggested that the cause of the band-shaped keratopathy in these 


cases may be a “rheumatic vascular injury” of the conjunctival vessels exposed to 
the environment, 1. e., those in the palpebral fissure, thus explaining the band-shaped 
form of the opacity. .\zzolint * also took the view that the iridoeyelitis in’ these 


cases is only concomitant with but not causative of the band-shaped keratopathy 


16. Franceschetti, A.; Blum, J. D., and Bamatter, Fo: Diagnostic Value of Ocular Symp 
toms in Juvenile Chronie Polyarthritis (Still's Disease), Tr. Ophth. Soc. UC. Kingdom 74:17-27, 
1951. 

17. Uhthotf..) Belhmann.s Duke-Elder, W. Text-Book of Ophthalmology, 


Vol. 2, St. Louis, C. V. Mosby Company, London, 1938, p. 2010 
18. Wheeler, ©. b., and others: Soft Tissue Calcification, with Special Reterence to Its 
Occurrence in the “Collagen Diseases,” Ann. Int. Med. 36:1050-1075 (April) 1952 


19, Loewenstein, A.: Contribution to Pathology of Bowman's Membrane, Brit. J. Ophth. 


30:317-323 (June) 1946 


‘ 20. Coggeshall, H. ¢ Laboratory Findings in Rheumatoid Arthritis, in Hollander, J. L., 
Editor: Comroe’s Arthritis and Allied Conditions, Philadelphia, Lea & Febiger, 1949, Chap. 13, 

p. 181. 
21. Cogan, D. G.; Albright, F., and Bartter, F. C.: Hypercalcemia and Band Keratopathy 


Report of 19 Cases, Arch. Ophth. 40:624-638 (Dec.) 1948. 


22. Azzolini, U.: Sulletiopatogenesi della cheratite a bandeletta, Rass. ital. ottal. 18:171 
181 (May-June) 1949. 
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Many explanations for the particular location of the band-shaped opacities have 
appeared in the literature. That only a band of cornea in the palpebral fissure is 
involved may be explained by several possible factors: (1) external trauma, perhaps 
even of minimal degree, to a cornea already predisposed to degenerative influences 
by the iridocyclitis; (2) light, and (3) chemical interchange between the air and 
that part of the cornea exposed to it. All these theories have had their advocates. 
The third is perhaps the most appealing, since if the corneal metabolism is already 
impaired in these cases by the iridocyelitis, the carbon dioxide tension may have 
heen reduced, with corresponding increases in the pH to a critically low level. 
Slight further loss of carbon dioxide to the atmosphere might push the pH above 
this level and produce precipitation of calcium in the exposed area of the cornea. 
Loewenstein ' has given an excellent discussion of this theory. 

The reason for the much greater imeidence of band-shaped keratopathy in 
juvenile iritis than in the iritis occurring in adults is not clear. It is also uncertain 
whether the keratopathy is related specifically to the iritis associated with rheuma- 
toid arthritis or only to juvenile iritis in general, as no large series of cases of 
nonrheumatoid iritis in children has been reported for comparison. Age, however, 
is certainly an important factor, as no unusual incidence of band-shaped keratopathy 
has been reported in cases of adult iritis associated with rheumatoid arthritis. It 
is to be emphasized that in many cases of the juvenile form, in contrast to those 
secondary to iritis in adults, the band-shaped keratopathy appears while the eve 
is as vet relatively undamaged by the iritis. 


INCIDENCE 


OF UVEITIS IN RHEUMATOID ARTHRITIS 


The incidence of uveitis in adult rheumatoid arthritis has been found by various 
authors to range from 2 to 5%. In 332 adults (over 15 years) with rheumatoid 
arthritis, Sorsby and Gormaz ** found 15 cases (4.5% ) of iritis. Berens, Rothbard, 
and Angevine ** found 2 cases (2.3% ) of uveitis in 87 cases of adult (presumably ) 
rheumatoid arthritis, while Bauer *° found 7 (4.7% ) in 150. Mills?" in 600 patients 
of all ages (3 through 63 years) sutfering from rheumatoid arthritis found 42 cases 
(7% ) of iritis. In 29 of these, no alternative etiology could be demonstrated. The 
importance of rheumatoid arthritis in the total incidence of uveitis is suggested by 
Woods and Guyton’s * report of 200 cases of uveitis, in 5 of which (2.5%) the 
disease was considered to be associated with rheumatoid arthritis. 

The incidence of iritis in juvenile rheumatoid arthritis varies considerably 
according to reports of different authors. Coss and Boots?" in a survey of 56 cases 


23. Sorsby, A., and Gormaz, A.: Iritis in Rheumatic Affections, Brit. M. J. 1:597-600 
(April 20) 1946 

24. Berens, ©.; Rothbard, S., and Angevine, D. M.: Cultural Studies on Patients with 
Uveitis and Other Eye Diseases, Am. J. Ophth. 25:295-301 (March) 1942. 

25. Bauer, W.; Cited by Berens, Rothbard, and Angevine.*4 

26. Mills, Rheumatoid [ritis, Am. J. Ophth. 31:218 (Feb.) 1948, 

27. Woods, A. C., and Guyton, J. S.: Role of Sarcoidosis and of Brucellosis in Uveitis, Arch. 
Ophth. 31:469-480 (June) 1944. 

28. Coss, J. A., Jr, and Boots, R. H.: Juvenile Rheumatoid Arthritis: Study of 56 Cases 
with Note on Skeletal Changes, J. Pediat. 29:143-156 (Aug.) 1946. 
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of juvenile rheumatoid arthritis, did not mention eye involvement. Edstrom *" 
noted 3 cases of iridocyelitis in 65 cases of juvenile rheumatoid arthritis. Both 
these studies were made from the standpoint of the internist, and no special attention 
was paid to the eves. Vesterdal and Sury,'* in a careful ophthalmologic investigation 
of 162 patients with rheumatoid arthritis. aged 16 and under, found 34 cases of 
iritis (21%). Their study shows strikingly the high incidence of iritis in juvenile 
rheumatoid arthritis and suggests that rheumatoid arthritis may play a much more 
important role in juvenile uveitis than it does in adults. The present study was 
undertaken in an attempt to determine whether this is indeed the case. 


REPORT OF CASES 
All records of patients of ages of 15 vears or under with endogenous uveitis 
observed at the State of Wisconsin General Hospital from 1943 through 1952 have 
heen reviewed. There were 21 cases in all, representing 59% of 400 cases of uveitis 
in patients of all ages seen during this period. Nine of the 21 were of inactive, 
healed chorioretinitis. In four of the nine cases the disease was due to congenital 
syphilis; in one probably to toxoplasmosis, and in four the etiology was undeter 
mined, As no active disease was present, all nine cases were excluded from further 
consideration, In only 2 of the 12 active cases observed was the disease diagnosed 
as chorioretinitis, without anterior segment involvement. In both these the etiology 
was undetermined. In the other 10 cases the disease was clinically deseribed as 
Iritis or iridoeyelitis, with or without posterior involvement, Routine investigation 
of active cases included a complete medical history and = physical examination ; 
complete blood cell count; Wassermann test; urinalysis; nonprotein nitrogen and 
blood sugar determinations ; agglutination tests for Brucella; tuberculin skin tests; 
complete dental, chest, and sinus x-ray studies, and ear, nose, and throat consulta 
tion. Urological or gynecological consultation was obtained when indicated. 

Of the 10 patients with anterior uveitis, 4 (40%) had detinite concurrent 
rheumatoid arthritis, and 2 (20% ) had a history of “arthritis” without any residual 
joint deformity. In neither of the latter was there any sign of active or inactive 
rheumatic fever. No other etiologic factor was found in any of these patients, except 
for sarcoidosis in one (see case report below). Kor the remaining four patient the 
etiology was undetermined, 

Two cases, in one of which there were rheumatoid arthritis and sarcoidosis, and 
in one of which the cause could not be determined, were of the granulomatous 
variety. “Three other cases, two of undetermined etiology and one with a history 
only of arthritis, were typically acute nongranulomatous in type. The remaining 
five, three of definite rheumatoid arthritis, one with a history only of arthritis, and 
one of undetermined etiology, did not fit so easily into either of these categories. 
They were of the quiet serous type noted to occur in most of the published cases of 
iritis associated with juvenile rheumatoid arthritis. In these cases onset was typi- 
cally insidious or subacute, with little or no ciliary flush, many aqueous cells, 
moderate aqueous flare, few keratic precipitates, no iris nodules, and little involve- 
ment of the posterior segment. 


29. Edstrom, G.: Rheumatoid Arthritis in Children: Clinical Study, Acta padiat. 34:334- 
356, 1947, 
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In all but 1 of the 12 cases good vision was maintained, though follow-up was 


brief in some cases. 
\Il active cases are summarized in the accompanying Table. “Two cases deserve 


a more extended review. 


Cast | Phe first (Case 4 in the Table) is that of a 10-year-old white girl. The history on 
the first admission, in 1942, Was inadequate, as the parents did not accompany the child to the 
hospital. The patient, however, stated that her hands and ankles had been swollen as long as she 
could remember. She had first noted soreness and photophobia in the right eye TL months prior 
to admission. Symptoms cleared after one week's treatment by her local physician but recurred . 
six months later and had been present since. The patient had been receiving atropine drops 
once a week 
General physical examination revealed typical rheumatoid arthritic deformities of the proximal 
interphalangeal joints bilaterally (Fig. 1). The wrists, elbows, and ankles were slightly swollen 
and stiff. The spleen was not palpable; nor was there significant lymphadenopathy. Examination 


of the ears, nose, and throat was noncontributory 


Data on Twelve Cases of Active Endogenous vettis 


Ave of Onset, Yr 


Cause Sex Uveitis Arthriti- hve Type htiology 


Anterior Uveitis 


None Granulomatous Undetermined 


4 M s None art Quiet serous Undetermined 
M op Quiet serous \ssocinted with rheumatoid arthritis 
‘ Farhier Granulomatous Associated with rheumatoid arthritis 
Ww op Quiet serous Associated with rheumatoid arthritis 
Ww ‘ ot \oute none ran Undetermined (history only of arthritis) 
lommatous 
M NM ‘ op Quiet serous Undetermined (history only of arthritis) 
None os Acute nongranu- Undetermined 
lomutous 
os Quiet serous \ssociated with rheumatoid arthritis 
M lo None op Acute nongranu Undetermined 


lomatous 


Posterior Uveitis 


None 
None 


cireumsecribed Undetermined 


\eute cireumeeribed Undetermined 


Laboratory Studies. Blood studies showed 12 gm. of hemoglobin per 100 cc. 4,000,000) red 
cells and 6,500 white cells, with a differential count of 60) polymorphonuclear neutrophiles, 36 
lymphocytes, and 4 csomophiles. The sedimentation rate was 21 mm. in one hour (corrected ) 
Phe Wassermann reaction was negative. The intradermal test with 10 mg. of old tuberculin gave 
a negative reaction, Roentgenograms of the teeth, sinuses, and chest were negative. Agelutination 
tests for Brucella gave negative results 

Ocular Examination.-Visual acuity was 20/50 in the right eve and 20/15 in the leit eve with 
correction. The left eve was normal in all respects. The right eye showed no circumcorneal 
flush, but there were a moderate number of large mutton-tat keratic precipitates, many aqueous 


cells, and extensive posterior syneehiae. The iris was atrophic. Funduscopie examination showed 


edema of the disk and macula and a few tiny white exudates encircling the fovea 

Phe patient was treated with heat, atropine, and tever induced by intravenous imyections of 
killed typhoid bacilli, with some improvement 

Four months later a complicated cataract appeared in the right eye, and the lett eye began 
to show a few cells in the aqueous. The eyes quieted under local treatment. Tonsil tags were 
excised as a possible focus of infection. Both eyes remained quict for a tew months. 

Three vears later, in 1945, the patient was again admitted, having had several flare-ups in 


the interim. There were many keratic precipitates, a tew cells, and extensive synechiae in both 
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eyes, Vision had fallen to 20/200 in the right eye and 20/40 in the left eve, with correction. As 
the right pupil was markedly bound down, an optical iridectomy was performed 


By 1948, after many exacerbations of activity, vision had fallen to perception of hand move 


ments in the right eve and to 6/200 in the lett eye. The cataract in the right eve had advanced 
considerably, and the left pupil was secluded. No fundus glow was visible in either eye. Phe irises 
were markedly atrophic. Tactile tension was pathologically sott in both eves. At this time early 
band-shaped keratopathy was first noted at the nasal and temporal limbus in the right eve. 

\ vear later transfixation of the iris in the left eye was necessitated by iris bombé and 
elevated tension. At this time skin lesions suggestive of Boeck’s sarcoid were first recognized, 
Review of the Chart shows that they were probably first present two years earlier, but were 
so slight that proper significance was not attributed to them. The lesions were described as 
“reddish lichenoid papules” and were noted on the extensor surtaces of both arms (Pig. 2). 
X-ray studies of the chest and hands revealed no evidence of sarcoid, but lymph node biopsy was 
interpreted as showing either tuberculosis or sarcoidosis. The reaction to 0.) mg. of old tuberculin 


injected intradermally was negative. There was no parotid gland involvement. Total serum pro 


hig. (Case 4).—-Rheumatoid arthritic deformities of the proximal interphalangeal joints 
at the age of 18 vears (Case 4, Table) 


teims were 7.2 gm. per 100 ce, with 3.9 gm. of albumin and 3.3 gm. at globulin) Calbumin-globulin 
ratio decreased). The sedimentation rate was 27 mm. im one hour. Serum calemm was 9.4 meg 
per 100 and serum phosphorus, 4.5 mg. per 100 ce. The complete blood cell count was 
essentially normal 

Six months later Koeppe nodules made several transient appearances on the lett) iris 
Iridectomy was pertormed in the lett eye during a quiet interval 

\ vear later (1951) the lett eve also presented a complicated type of cataract. The patient 
was then 20 vears of age and had been married two years It was noted that the eves were 
relatively quiet during a recent pregnaney, but that a recurrence had cecurred three months after 
delivery. Tris nodules were again noted, and there were ciliary myjection and increased keratic 
precipitates in both eyes. Cortisone was now available, and the patient was treated with this 
drug orally, starting with 200 mg. daily and tapering to 75 mg. daily. Immediate marked 
Improvement Was noted, not only in the eyes but also in the skin lesions and jot) symptoms 
(Throughout the vears the patient had suffered relatively mild arthritic symptoms.) The eyes 
remained quiet after cessation of cortisone therapy, though the skin lesions and joint: symptoms 


recurred, The cataracts were now mature, and atter one vear of continuous remission cataract 
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extraction in the left eye was undertaken. An uncomplicated intracapsular extraction was per- 
formed, but the eye did poorly after operation, eventually becoming atrophic, with poor light 
perception. 


It is interesting to speculate on the etiology of this case. It would appear that 
the rheumatoid arthritis and the sarcoidosis were separate entities, since the former 


was already in a chronic state four and one-half years before the latter was clinically 
apparent. ‘True arthritis is rarely, if ever, seen with sarcoidosis.*? Davis and 
Crotty “' presented a case of sarcoidosis and concurrent rheumatoid arthritis, con- 
sidering them to be separate entities. “They found only four other cases of sarcoidosis 
with concurrent arthritis in the literature, and in most of these the sarcoid had 


Fig. 2 (Case 4).—Sarcoid skin lesions at the age of I8 years (Case 4, Table). 


spread from the bones into the adjacent joint. In our case there was no demonstrable 
bony sareoid involvement at all, and the clinical and x-ray pietures of the arthritis 
were typically rheumatoid. Castellanos and Galan“? presented a case very similar 
to ours except that their patient finally died of tuberculous meningitis. Granted 
that the rheumatoid arthritis and sarcoidosis were separate diseases, the problem 

30. Middleton, W.S Sarcoidosis, in Cecil, R. Lo; Loeb, R. F., and others, Editors: Text- 
hook of Medicine, Ed. 8, Philadelphia, W. B. Saunders Company, 1951, p. 444. Lansbury, J.: 
Sarcoidosis, in Hollander, J. L., Editor: Comroe’s Arthritis and Allied Conditions, Philadelphia, 
Lea & Febiger, 1949, p. 703. 

31. Davis, M. W., and Crotty, R. Q.: Sarcoidosis Associated with Polyarthritis, Ann. Int. 
Med. 36: 1098-1106 (April) 1952. 

32. Castellanos, A., and Galan, E.: Sarcoidosis (Besmer-Boeck-Schaumann’s Disease) : 
Report of Case in Child Simulating Still's Disease, Am. J. Dis. Child. 71:513-529 (May) 1946. 
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arises as to which, if either, was associated with the uveitis. The granulomatous 
character and severity of the ocular disease might be considered to favor sarcoidosis, 
but this is far from conclusive, as a definite percentage of cases of uveitis associated 
with juvenile rheumatoid arthritis are very severe, some progressing to blindness 
(Vesterdal and Sury ''). In favor of a rheumatoid connection is the presence of 
detinite rheumatoid arthritis prior to the onset of the uveitis; vet it is not outside 
the realm of possibility that the eves might have presented for four and one-half years 
the only clinically obvious evidence of sarcoidosis. It appears that the etiology im 
this case cannot be definitely settled. 

Case 2.—The second case (Case 5 in the Table) of special interest is that of a 10-year-old 
white girl, first admitted in February, 1952, with the chief complaint of pain and swelling of the 
right knee of three months’ duration. The patient had been treated as a rheumatic fever suspect 
with bed rest and salicylates, with no improvement. Five months prior to admission she had 
complained of burning of her eyes and had been fitted with glasses. There had been transient 
stiffness of the neck and pain in the left wrist and ring finger at the time of onset of pain in the 
knee. No other joints had been involved, and the course had been afebrile. The past and family 
history were noncontributory. The general physical examination revealed: The right: knee 
was swollen (Fig. 4), but not warm or red. There was slight tenderness on its medial aspect. 
Extension was limited to 170 degrees and flexion to 130 degrees. The circumference of the right 
knee was 31 cm.; that of the left, 28 em. No joint effusion was demonstrable, and the swelling 
was considered to be due to synovial thickening. The rest of the general examination revealed no 
abnormality. 

Ocular examination was performed. The patient was referred to the eye clinic because of 
slight perilimbal injection of the right eye. She had no ocular complaints. Vision was 20/20 
in the right eye and 20/15 in the left eye, with correction. The left eye was normal in all 
respects. There was a slight cireumcerneal flush in the right eve, with small mutton-fat 
keratic precipitates on the lower part of the cornea in typical triangular shape. There 
was early band-shaped keratopathy at the limbus nasally and temporally, separated from 
the limbus by a narrow clear area, occupying the palpebral fissure, localized to Bowman's 
zone, and containing several small clear areas, or “holes.” The opacity had a finely gran 
ular texture, was light brown in color, and extended in toward the corneal apex about 2 mm. 
from the limbus on both the nasal and the temporal side (Fig. 3). There was blurring of the 
iris pattern, with dilated iris vessels, but no nodules. There were a few light posterior synechiae, 
easily broken by instillations of atropine and 10% phenylephrine (Neo-Synephrine) hydro 
chloride. There was moderate aqueous flare with many cells. The lens was normal, with a few 
fine cells deposited on its anterior capsule. Tactile tension was normal in both eyes. On fundu 
scopic examination of the right eye, no vitreous opacities could be seen. There were slight 
engorgement of the veins and mild edema of the macula. The disk was slightly hyperemic. Visual 
ficlds were normal in both eyes. 

Laboratory Studies.— The urine was repeatedly normal. Blood studies showed 13.5 gm. of 
hemoglobin per 100 ce.; 4,600,000 red cells and 9,850 white cells, with a differential count of 
50 polymorphonuclear neutrophiles, 40 lymphocytes, 7 monocytes, and 3 eosinophiles. The sedi 
mentation rate was 34 mm. in one hour, falling later to 9 mm. in one hour (corrected), The 
Wassermann reaction was negative. The intradermal test with old tuberculin gave a negative 
reaction to O.1 mg. The agglutination test was negative for Brucella. Serum calcium measured 
10.5 mg.: phosphorus, 4.5 mg., and alkaline phosphatase, 5.2 units, per 100 ce. The urie acid of 
the blood was 3.4 mg. per 100 ce. Total serum proteins measured 7.6 gm.; albumin, 5.1 gm., 
and globulin, 2.5 gm., per 100 cc. The antistreptolysin O titer was 400 units 

\ Congo red test (intravenous) gave negative results. Observation of the corneal opacities 
at frequent intervals after the injection of the Congo red failed to show any uptake by the cornea 
of the dye. 

Roentgenograms of the sinuses and the chest were negative. A roentgenogram of the right 
knee showed a chronic diffuse type of osteoporosis involving the bones comprising the joint. The 
joint space was intact, and the articular surfaces were preserved. There was some effusion, with 
distention of the joint capsule 
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Biopsy of the synovial membrane showed a nonspecific inflammatory process. At operation 


synovium was noted to be extremely injected and thickened. There 
in joint fluid, which was of a dirty brownish, murky character 


the was moderate mecrease 


Treatment. The right eye was treated with local applications of heat, atropine, and cortisone, 


with no effect. Subconjunctival injections of cortisone were then tried, again with no effect 


big. 3 (Case 5).—Band- 
in Table). 


hig. 4 (Case 2).—Enlarged right knee joint: (synovial thickening) (Case 5 in Table) 


Local and subeonjunctival administration of hydrocortisone was also tried, without benefit. Fever 


induced by intravenous injection of killed typhoid bacilli, up to 500,000 organisms, produced no 
improvement. After intravenous myection of corticotropin, 25 


my. daily for two days, followed 
by oral use of 150 mg. of cortisone daily for seven days, the aqueous cells were much reduced 
in number, and the macular edema cleared. Vision improved to 20/15 


\s soon as the cortisone 
was reduced below 100 mg 


daily, however, the cells increased to their original number 


Sys 
temic use of cortisone was therefore abandoned 
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The knee was treated with bed rest, passive exercise, and diatherray, im addition to. the 
corticotropin and cortisone, and a remission occurred, which persists to the present, one year 
later. There is no significant residual deformity or disability 

The patient has been followed at frequent intervals in the outpatient clinic, and the eye has 
remained essentially che same except for continuous slow progression of the corneal opacity. It 
now extends completely across the cornea, but is not yet heavy enough to reduce vision seriously. 
The left eye remains entirely normal. Treatment at the present time is limited to local instilla- 
tion of atropine and ethyl morphine hydrochloride (Dionin) drops and use of warm compresses. 
Potassium iodide by mouth was not tolerated. Dark glasses are currently being tried to see 
whether they will slow or stop the progress of the band-shaped opacity, but sufficient time for 
evaluation has not yet clapsed 

From the above report, it would appear that this case is a typical example of the chronic 
serous uveitis seen in children with rheumatoid arthritis. The clinical character of the inflamma- 
tion is transitional between the granulomatous and the nongranulomatous type but should) prob- 
ably be included in the latter group, in spite of the mutton-fat type of keratic precipitates. 


COMMENT 


The association of iritis with the rheumatic and/or rheumatoid diseases has long 
been recognized, .\t one time the term “rheumatic iritis’” was used to cover most 
cases of the type now designated as serous or nongranulomatous. ‘The cause im 
these cases was considered to be a “rheumatic diathesis.” This terminology has 
been discarded, and it is now generally considered that the iritis and the rheumatic 


or rheumatoid manifestations are parallel effects of a common cause, If this cause 


is eventually proved to be streptococcal hypersensitivity, as some feel it may be, 


then the iritis occurring with rheumatoid arthritis will not warrant special considera 
tion. Itis interesting to note, however, that, while iritis is apparently fairly common 
in rheumatoid arthritis, especially in children, it is very rare in rheumatic fever. 
The importance of the hemolytic Streptococeus in the etiology of the latter disease 
is well recognized“! while the cause of rheumatoid arthritis is as yet unknown. 

If streptococcal hypersensitivity is an important factor in the etiology of iritis im 
children, one might expect to see cases of concomitant rheumatic fever and iritts. 
Since this is not the case, it is probably wise to maintain an open mind on the 
question of the etiology of the iritis associated with rheumatoid arthritis, 

Ii these two diseases are, indeed, the result of a common cause, one might expect 
the common etiologic agent to produce in a given patient rheumatoid arthritis alone, 
or the two diseases in combination. “Thus, one may speculate that a certain number 
of cases of “rheumatoid uveitis” will occur without any joint involvement. Perhaps 
many of the cases of uveitis of undetermined etiology may belong in such a class. 
To postulate a relationship of uveitis, cause unknown, to rheumatoid arthritis, cause 
unknown, certainly seems futile at first glance. When one considers, however, the 
vast amount of experimental work which has been done in both fields in search of 
etiologic factors and the relatively meager positive results which have heen achieved, 

33. Azzolint.22) Sorsby and Gormaz.2* Vail, Do: Oeular Complications of Arthritis, South 
M. J. 44:317-322 (April) 1951 

34. Swift, H. F Rheumatic Fever, in Cecil, Ro Lo: Loeb, R. Fo, and others, Editors: Text 
book of Medicine, Ed. 8, Philadelphia, W. B. Saunders Company, 1951, p. 153. 


35. Ragan, C.: The Etiology of Rheumatoid Arthritis, in Hollander, J. L., Editor: Comroe’s 
Arthritis and Allied Conditions, Philadelphia, Lea & Febiger, 1949, p. 119 
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it seems worth while again to emphasize this relationship as a less worn-out approach 


to the problem. The frequent association of rheumatoid arthritis with uveitis in 
the small group of children presented in this report supports this hypothesis. 


SUMMARY 


A study of uveitis in children who were admitted to the Wisconsin General 
Hospital during a 10-year period is presented. Twelve cases of active uveitis are 
reviewed, with a more detailed analysis of 2. In this small series, 40% of the cases 
were associated with rheumatoid arthritis. 

The literature on the triad of band-shaped keratopathy, iritis, and juvenile rheu- 
matoid arthritis is briefly reviewed, and the association of rheumatoid arthritis with 
juvenile uveitis is stressed. 
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IDIOPATHIC HYPOPARATHYROIDISM AND CATARACT 
Report of Four Cases 


ABRAHAM S. HAFT, M.D. 
NEW YORK 


YPOPARATHY ROLDISM began to attract attention with the introduction 

of thyroid surgery, in which, occasionally, the parathyroids are inadvertently 
removed, 

Selye* classifies hypoparathyroidism, according to etiology, under four types: 

(1) that due to spontaneous primary disease of the parathyroids (e. g., hemor- 


rhages); (2) that due to operative damage to the parathyroids (e. g., postoperative 


tetany); (3) that due to excessive strain upon calcium metabolism in the presence 
of normal parathyroids (e. g., rickets, acidosis, and pregnancy), and (4) idiopathic 
hypoparathyroidism, of unknown etiology. 

The criteria for the diagnosis of idiopathic hypoparathyroidism, as formulated 
by Drake, Albright, and their co-workers,? are (1) no operation on the neck; (2) 
low serum calcium; (3) elevated serum phosphorus; (4) normal renal function ; 
(3) normal bones on x-ray examination. 

Idiopathic hypoparathyroidism has been called “rare” by every author, A recent 
critical analysis of the literature by Steinberg and Waldron * established the total 
number of reported cases of idiopathic hypoparathyroidism at 52. 

The physiologic effect of extirpation of the parathyroids is fairly well known,' 
although the mode of action of the parathyroid hormone has been a subject of con- 
siderable controversy. When the parathyroids are removed in man, the serum 
caleium drops about one-third of its normal level in less than a day, and tenseness 
and sensations of numbness or tingling begin to appear. The tension increases ; 
cramps appear in various parts of the body, and convulsive movements occur, 
involving single limbs or the entire body. 

From the Ophthalmology Section, Surgical Service, Veterans Administration Hospital, 
New York 

Read in part before the New York Academy of Medicine, Section of Ophthalmology, 
Jan. 19, 1953. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of his 
own study and do not necessarily reflect the opinion and policy of the Veterans Administration 

1. Selye, H.: Textbook of Endocrinology, Montreal, Acta Endocrinologica, Inc., 1949. 

2. Drake, T. G.; Albright, F.; Bauer, W., and Castelman, B.: Chronic Idiopathic Hypo- 
parathyroidism: Report of 6 Cases with Autopsy Findings in One, Ann. Int. Med. 12:1751- 
1765, 1939 

3. Steinberg, H., and Waldron, B. Ro: Idiopathic Hypoparathyroidism: An Analysis of 
52 Cases, Including the Report of a New Case, Medicine 31:133-154, 1952. 

4. Macleod’s Physiology in Modern Medicine, edited by P. Bard, St. Louis, C. V. Mosby 
Company, 1938. 
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The mechanism by which parathyroid deficiency produces neuromuscular irrita- 
bility has not been adequately determined. It appears that the tetany is not immedi- 
ately related to variations in the blood calcium but depends on electrolyte and water 
exchange at the surface of the nerve cell membranes, resulting in the production 
of abnormal electrical potentials.” 

The majority of workers stress the primary effect of parathyroid hormone upon 
osteoblasts, causing their transformation into osteoclasts, with consequent bone 
absorption and discharge of skeletal minerals into the blood stream.® Albright and 
Reifenstein © emphasize its primary effect upon renal excretion of phosphate. Still 
another group, and Albright and Reifenstein also in part, believe that the primary 
influence is upon the partition of calcium in plasma between ionized and nonionized 
forms.” 

The occurrence of cataract in association with tetany was recognized rather 
early.” The incidence is high. Of the 52 reported cases of idiopathic hypopara- 
thyroidism, cataract occurred in 50%. 

The sequence of cause and ettect has been demonstrated experimentally, as well 
as by clinical observation. Goldmann,” among others, produced tetany by para- 
thyroidectomy and observed the formation of lens opacities. Tle was able to show 
that if the serum calcium was maintained, and tetany thereby prevented, no lens 
opacities were formed, He was also able to show that in the early stages, in rats, the 
opacities were reversible. The opacities appeared in those lens fibers which were 
being formed at the time of the convulsive seizures. [le observed species differences, 
in that the opacities were reversible in rats but mot in dogs. 

There is considerable diversity of opinion on the pathogenesis of cataract in 
tetany. .\n early theory attributed the cataract to the trauma caused by the spastic 
contractions of the ciliary muscle.” This explanation appears unlikely. Other 
epithelial dystrophies, involving the skin, hair, nails, and teeth, occur in’ hypo- 
parathyroidism, Cataract does not occur in other convulsive disorders, or after the 
prolonged use of mioties. Alternative hypotheses ° attribute the cataract to chemical 
changes in the lens due either to calcium deficiency or to the action of a hemato 
genous toxin.”” The whole subject is purely speculative. 

The cataract may appear at a variable interval after the onset of the disease. 
Cases of postoperative tetany have been reported from 2 months to 20 years after 
thyroidectomy. ‘There is a considerable body of opinion that many presenile 
cataracts are associated with tetany.'’ Estimates in the literature range as high 
as 88.2%." 


5. MeQuarrie, I.; Hansen, A. E., and Ziegler, M. Ro: Studies on Convulsive Mechanism 
in Idhopathie Hypoparathyroidism, J. Cling Endoerinol. 2:789-798, 1941, 


6. Thompson, D. L., and Collip, J. Bo: The Parathyroid Glands, Physiol. Rev. 12:309 
383, 1932 

7. Albright, and Reifenstein, Jr Parathyroid Glands and Metabolic Bone 
Disease, Baltimore, Wilhams & Wilkins Company, 1948 

8. Duke-Flder, W. S.: Text-Book of Ophthalmology, Vol. 3, Diseases of the Inner Eye, 
St. Louis, C. V. Mosby Company, 1941. 

9 (a) Duke-Elder.S (b) Goldmann, H.: Experimentelle Tetanickatarakt, Arch. opht. 
122: 146-197, 1929. 

10. Romanova-Bochon, O.: Die Bedeutung der Epithelkorperchen in der Pathogenese des 
Stars im jugendlichen Alter, Arch. Opht. 133:143-151, 1934, 
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The changes in the lens have been described as consisting typically of numerous 
small diserete opacities in the cortex Iving in a layer separated from the capsule by 
a clear zone of dysjunction. Usually these are small, white, and punctate ; some 
times they are aggregated into larger flakes, and not infrequently they are inter- 
spersed with angular iridescent erystals of a blue, green, or red color. The rate of 
progress is variable. Ultimately, the whole lens may become uniformly opaque. 
Treatment of the cataract, once formed, is not different from that of cataract 
resulting from any other cause. Whether prophylactic treatment is effective is not 
clear. Duke-Elder* says that “treatment of the accompanying tetany has little 
effect on the development of the cataract, which tends to progress even although the 
general clinical symptoms of tetany are controlled.” Selve,' on the other hand, 
says that their development may be prevented by suitable prophylactic hormone 
administration. Reifenstein,'' too, states that if the blood calcium level is kept as 
near normal as possible, cataract does not develop. Jordan and Welsall '* report 
a case in which lens changes were observed to appear and subsequently to regress. 


Taubenhaus,'* on the contrary, reports a case in which cataracts developed atter 


postoperative tetany and the blood calcium was completely normal for one and one 
half vears. 


REPORT OF CASES 


Four cases of idiopathic hypoparathyroidism with cataract have been observed 
at the Veterans Administration Tlospital, New York. 


Cast 1—J. F., a native white man, born on April 20, 1905, entered the United States Navy 
on July 23, 1942, in apparent good health. There was no previous operation, Visual acuity was 
recorded as 20/20 in cach eve 
1, 1944, he was admitted to “sick eall” at Adak, Alaska, highly excited, hyperven 


tilating, and in tetany. He had been complaining of stiffmess of his hands for several weeks 


On Jan 


His symptoms were completely relieved by the intravenous injection of 1.0 gm. of calcium 
gluconate. On Feb. 11, 1944, he was readmitted with the same complaints and evacuated to the 
United States Naval Hospital, Seattle 

The general physical examination was without significance except for “earpopedal spasms 
produced within approximately 30 seconds by constricting the arterial supply to the hands o1 
feet.” The patient continued to have recurrent episodes of tetany in the ward. 

The serum calcium ranged from 5.7 to 10.5 mg. per 100 ce.; the serum phosphorus, from 
3.2 to 5.8 mg. per 100 ce.; the Sulkowitch test gave a negative reaction. Urinalyses, blood non 
protem mitrogen determinations, a complete blood count, and x-ray studies of the long bones 


gave normal values 


The patient was treated 


with dihydrotachysterol and calcium gluconate 


The 


reaction remained negative throughout this hospital stay. The clinical signs of tetany persisted. 


Sulkowiteh 


He had no ocular complaints, and no eye examination was done. He was discharged from. the 
Navy for disability on Dec. 1, 1944 
On March 11, 1945, the patient was admitted to the Veterans Adminstration Hospital com 


plaining of carpopedal spasm, paresthesias, and visual disturbances. “Trousseau’s sign was 


11. Reifenstein, ke. C.. Jr Diseases of the Parathyroid Glands, in Williams, 
book of Endocrinology, Philadelphia, W. B. Saunders Company, 1950 


M Text 


12. Jordan, A., and Kelsall, A. R.:) Observations on a Case of Idiopathic Hypoparathy 
roidism, A. M. A. Arch. Int. Med. 87:242-258, 1951. 

13. Taubenhaus, M.: Diagnosis and Treatment of Hypoparathyroidism, in) Soskin, S.: 
Progress in Clinical Endocrinology, New York, Grune & Stratton, Inc., 1950 
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elicited. There were anterior and posterior subcapsular opacities in both lenses. The fundi could 
not be seen. Visual acuity, with correction, was 20/100 in the right eye and 20/70 in the 
left eye 


Serum calcium values were 13 and 9.2 mg. per 100 ce., and serum inorganic phosphorus 
values, 5. 7 and 3.2 


2 mg. per 100 ce.; the alkaline phosphatase level was 4.6 Shinowara_ units 
per 100 ce.; the basal metabolic rate was —20% and —-15%; the Kahn test gave a negative 
reaction; the electrocardiogram was within normal limits; x-rays of the skull, chest, and long 
bones revealed no abnormality; the results of urinalysis and a complete blood count were within 
normal limits 


The patient’s serum calcium and phosphorus levels were readily brought to normal with 
dihydrotachysterol and caleium. 


On Dee. 3, 1945, the patient was admitted to the Presbyterian Hospital, New York. Trous- 
seau and Chvostek signs were positive. There was bilateral cataract. 

Serum calcium was 6.6 mg. per 100 ce., and serum phosphorus, 5.3 mg. per 100 cc.; the 
Sulkowitch reaction was negative; blood urea nitrogen was 18 mg. pr 100 ce.; the phenolsul- 
fonphthalein excretion was 75% in two hours; serum chlorides measured 375 mg. per 100. c« 
the serum carbon dioxide-combining power was 62.2 volumes per cent; the Kline reaction was 
negative; the basal metabolic rate was —20% ; x-rays of the chest, skeleton, and gastrointestinal 
tract revealed no abnormalities 


The patient was put on a regimen of high-caleium, low-phosphorus diet and dihydrotachys- 
terol, The Sulkowitch reaction became positive, and serum calerum and phosphorus levels 


shifted to a normal range 


On Keb. 10, 1947, the patient was admitted to the Neurological Institute with the complete 
clinical and chemical picture of hypoparathyroidism. The laboratory findings were as follows: 
serum calcium, 5.9 mg.; serum phosphorus, 4.3 me.; alkaline phosphatase, 2.8. Bodansky units, 
and acid phosphatase, 2.8 Gutman units per 100 ce. The electroencephalogram was an essentially 
normal record; the electromyogram showed a striking tetanic response to hyperventilation. The 
serum calcium and phosphorus were brought to normal levels. 


On May 13, 1948, a cataract extraction was performed on the right eye at the Muhlenberg 
Hospital, Plainfield, No J. On June 22, 1948, an iris prolapse was excised. 

On June 16, 1952, the patient was readmitted to the Veterans Administration Hospital. The 
Frousseau and Chyostek signs were positive. There was marked hyperirritability of all muscle 
groups. The right eve was aphakic, with moderately elevated tension. The lens of the left eye 
was completely opaque. Visual acuity in the right eye was 20/25 with correction; in the left 
eye it was limited to light perception and projection. 

Serum calcium was 5.7 mg., and serum phosphorus, 7.5 mg., per 100 cc. The electrocardio 
gram showed a prolonged Q-T interval (0.40 to 0.45 second). The electroencephalograms were 
interpreted as pathological; the rhythm was generally slow, with marked paroxysmal activity, 
and was unchanged on intravenous administration of caletum gluconate. Studies of radioactive 
iodine uptake revealed a normally functioning thyroid gland. X-ray study of the bones showed 
no osseous or articular abnormalities. Intramuscular administration of parathyroid hormone 
produced a striking increase in the urimary excretion of phosphate. 

On treatment with dihydrotachysterol and calcium lactate, the patient’s serum calcium and 
phosphorus levels became normal, and the physical signs of tetany disappeared, The elevated 
intraocular tension in the aphakie eye was readily controlled with miotics. Cataract extraction 
was advised and refused tor the lett eye. 


Case 2.—S. K., a native white man, born on July 19, 1911, was inducted into the Army 
of the United States on May 30, 1942. He was in apparent good health and had had no opera- 
tions on the neck. Visual acuity at induction was recorded as 20/20 in each eye 


On Feb. 29, 1944, he was admitted to the Halloran General Hospital, Willowbrook, N. Y., 
complaining of diarrhea and nervousuess. The following significant notes appear im the history 
taken at that admission: “His hands and feet ‘tightened up on him’; an attack lasted four to five 
hours yesterday, and the eyes closed up. This has been going on for six months.” On admission 
to the hospital, he was observed in carpal spasm, which was described as “similar to the spasms 
seen in tetany.” Chvyostek's sign was recorded as “mildly positive.” 
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Laboratory studies on that admission showed serum calcium, 10.1 mg.; serum phosphorus, 
2.9 mg.; blood urea nitrogen, 16.2 mg., and cholesterol, 182 mg. per 100 ce. The basal metabolic 
rate was + 7% and alkaline phosphate was 2.3 Shinowara units per 100 ec. A complete blood 
count and urinalysis gave normal values. An electrocardiogram showed no abnormality. The 
Kahn and Mazzini reactions were negative. 


The patient had no ocular complaint, and no examination of the eves was done. He was 


discharged from the service, for disability, with a diagnosis of psychoneurosis, conversion 


hysteria. Subsequently, the possibility of a diagnosis of epilepsy was entertained. 

Early in 1947 he noted impairment of vision. Examination in November, 1947, revealed a 
corrected visual acuity of 20/40 in the right eye and 20/50 in the left eye. There were fine, 
discrete opacities in the superficial layers of the cortex of the lens of both eyes. 

On May 18, 1948, the patient was admitted to the Veterans Administration Hospital. Visual 
acuity with correction was 20/300 in the right eye and 20/200 in the left eve. There were faint 
striate opacities in the anterior lens cortex, dense posterior subcapsular deposits, and early 
nuclear changes bilaterally. The fundi could not be seen 

Serum calcium was 6.2 mg; serum phosphorus, 7.1 mg., and blood urea nitrogen, 20 mg. per 
100 cc.; carbon dioxide-combining power was 60 volumes per cent; the basal metabolic rate 
was — 15%; the Sulkowitch reaction was negative; the specific gravity of the urine was 1.020, 
and the Kahn and Mazzini reactions were negative. The electrocardiogram revealed no abnor- 
mality; x-ray examination of the bones and chest showed a normal condition, 

The patient was treated with dihydrotachysterol and calcium gluconate. 

On June 2, 1948, an intracapsular cataract extraction was performed on the left eye. There 
was loss of vitreous at operation. On June 29, 1948, an extracapsular cataract extraction was 
performed on the right eye. On the fifth postoperative day there was iris prolapse, which was 
excised. Since then, an epithelial downgrowth in the right eye and bilateral secondary glaucoma 
have developed. His visual acuity is limited to perception of hand movements at 2 ft. (60 cm.) 
in the right eve and is 20/30 with correction in the left eye. There are a marked loss of visual 
field in the right eye and moderate loss in the left eye. Tension in the left eye is controlled with 
miotics. 

The patient has remained under medical management for his hypoparathyroidism and has 
maintained normal serum calcium and phosphorus levels. 

Cask 3.—N. P., a native white man, born en March 31, 1912, was admitted to the Veterans 
Administration Hospital on Dec. 14, 1948, complaining of poor vision in both eyes of six months’ 
duration. The record of a refraction done in service, in March, 1944, showed corrected visual 
acuity ot 20/20 in each eye at that time. 

There had been no operations. The patient had no complaints other than impaired vision. 
Visual acuity with correction was 20/70 in the right eye and 20/50 in the left eye. Both lenses 
showed star-shaped posterior subeapsular deposits and minimal changes im the cortex. The 
nuclei were clear. Otherwise, the condition of the eyes was within normal limits. 

The fasting blood sugar was 105 mg. per 100 ce.; urinalysis and a complete blood count gave 
values within normal limits; the Mazzini test gave a negative reaction. 

On Dee. 22, 1948, an intracapsular cataract extraction was performed on the right eye. The 
operation was complicated by loss of vitreous. On Feb. 16, 1949, an iridocapsulotomy was 
performed on the right eve, and on March 11, an extracapsular cataract extraction was performed 
on the leit eye. On April 21, 1949, visual acuity with correction was 20/20 in the right eye 
and 20/25 in the left eye. 

In July, 1951, the patient was seen in the follow-up clinic. In view of the interest in the 
subject, a serum calcium determination was ordered. This was reported as 5.6 mg. per 100 ce. 
The patient did not return until January, 1952, when a repeated serum calcium determination 
was reported as 5.5 mg. per 100 cc. 

The patient was admitted to the medical service with a diagnosis of idiopathic hypopara 
thyroidism on Jan. 14, 1952. On system review, the patient described an occasional tingling 
sensation in the third, fourth, and fifth fingers of the left hand. No other symptoms of tetany 
could be elicited. 
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Trousseau and Chvyostek signs were elicited. Both eyes were aphakic and not otherwise 
remarkable 

Serum calcium was 49 mg., and serum phosphorus, 7.2 mg. per 100 ce.; the Sulkowitch 
reaction was negative; the blood urea nitrogen was 15 mg. per 100 ce.; the carbon dioxide- 


combining power was 57 volumes per cent; alkaline phosphatase measured 4.8 Shinowara units, 


and acid phosphatase 0.4 Shinowara units, per 100 ce. Phenolsulfonphthalein excretion was 


35% in 15 minutes. On intramuscular injection of parathyroid hormone, there was increased 
urinary excretion of phosphate, but none on subsequent intravenous administration. N-rays of 
the chest and bones showed nothing abnormal. The electrocardiogram showed nonspecific changes 
in the To waves and a prolonged Q-T interval 

Under treatment with dihydrotachysterol, calcium, and aluminum hydroxide gel, the patient’s 


serum calcium and phosphorus values shitted to a normal range. 


Cast 4 Ir. €, an Italian, born on Oct. 30, 1925, was first admitted to the Veterans 
\dminstration Hospital on May 24, 1950, complaining of poor vision. The patient described 
drawing up of the fingers when he was engaged in active exercise. There was no history of 
Injury, Operation, or exposure to chemicals 

Frousseau and Chvostek signs were elicited. Visual acuity in the right eye was 20/50, Jaeger 
type 4, not improved; and in the left eye 20/200, Jaeger type 4, corrected to 20/50, Jaeger type 
4. There were small greasy scales at the roots of the ciliae of both upper lids; the tarsal 
conjunetiva was congested. There were posterior subcapsular opacities in both lenses. Motility 


and intraocular tension were normal; the fundi could not be seen clearly. 


Serum calcium was 5.9 mg.; serum phosphorus, 6.0 mg., and blood urea nitrogen, 16 mg 
per 100 cc. The urine was normal; alkaline phosphatase was 2.8 Shinowara units per 100 e¢ 
a complete blood cell count gave values within normal limits; the phenolsulfophthalein excretion 
was $0% in 15 minutes; x-rays of the bones and chest and an intravenous pyclogram revealed 
nothing abnormal 


The patient's serum caletum and phosphorus levels remain satisfactorily controlled with 
dihydrotachysterol, caloum, and aluminum fhiydroxide gel. Visual acuity, however, continued 
to deteriorate. In July, 1951, corrected visual acuity was 20/80 in the right eye and 20/200 in the 
lett eye 


The patient was readmitted in’ April, 1952. Atter intensive treatment for blepharo- 
conjunetivitis, a linear extraction was performed on the right eye in June, 1952. The post 
operative course was uneventful, In October, 1952, visual acuity in the right eye was 20/15. 


COMMENT 

Four cases of idiopathic hypoparathyroidism which satisfy the criteria of Drake 
and associates ? are reported, All the patients had cataract. The literature is obscure 
on whether cataract may be prevented in cases of hypoparathyroidism by prophy- 
lactic treatment. In Case 1 the cataract developed and progressed after the diagnosis 
was established and while the patient was under treatment. The assumption that 
cataract developed while this patient was receiving adequate treatment is open to 
serious question. At every hospital admission, and there were three after the initial 
diagnosis was established, the patient was in chrome tetany, with the complete 
climeal and chemical pieture of hypeparathyroidism. The cataract was already 
present upon the first admission to this hospital, 16 months after the diagnosis 
was made, 

The three remaining cases are of especial interest in that the finding of cataract 
in young, apparently healthy persons led to the diagnosis of hypoparathyroidism by 
the ophthalmologist, 

In Case 2, the diagnosis is quite apparent from the clinical observation of car- 
popedal spasm and Chvostek’s sign on the original hospital admission, while the 
patient was in service. The laboratory report of normal values for serum calcium 
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and phosphorus at that time misled the physician. As a result, the patient remained 
untreated until the finding of cataracts, three and one-half vears later, led the 
ophthalmologist to the correct diagnosis. 


In Case 3, the tetany was latent. Both cataracts were removed before a serum 


calcium determination was requested by the ophthalmologist. The patient was only 


then discovered to have hypoparathyroidism. The [llsworth-Howard test this 
case was unsatisfactory. The patient had neither the facies nor the x-ray changes 
of pseudohypoparathyroidism.'* 


In Case 4, the tetany was latent. The diagnosis of hypoparathyroidism was made 


by the ophthalmologist. 


Visual acuity continued to deteriorate. 


Summaries of Four Cases of Idtopathi 


Identifvine Data’ 
Age at onset, yr A 
Duration of symptoms, yi 
Symptoms 
Signs 


Laboratory datat 
Betore treatment 
Ca, me. 100 ce 
P, mg. 100 ce 
Sulkowiteh test 
After treatment 
Ca, me. ce 
P, me. 100 ce 
Sulkowiteh test 
Ellsworth Howard test 


Treatment 


Results 


Cause 
Carpal spasm 
Trousseau 


Negative 


3244 
Normal 
Increased 
excretion of 
P in urine 


. Dihydrotachys 


terol; calcium 
gluconate; 
aluminum 

hydroxide gel 
Tetany well 


controlled while 


in hospital; 


Cause? 
33 
4.5 
Carpal spasm 
Chvostek 


6.2 
7.1 
Newative 


7912.6 

300 

Normal 
Not done} 


Dihydrotachys 
terol; ealehun 
gliconate; 
aluminum 
hydroxide gel 


Well controlled 


Hypoparathyroidism 


Cuse 3 
Poor vision 
Cataract; 
Chvyostek; 


Trousseau 


allot 
od 
Negative 


4006.1 
Normal 
Unsatistactory} 


Dihydrotachys 
terol; ealeium 
gluconate; 
aluminum 
hydroxide gel 
Well controlled 


In spite of adequate treatment and satisfactory control, 


Poor vision 
Cataract: 
Chvyostek;: 


Trousseau 


Negative 


Normal 
Not done} 


Dihydrotachys- 
terol; caleium 
gluconate; 
aluminum 
hydroxide gel 
Well controlled 


questionably well 
controlled while 
out of hospitals 


* All patients were white men 

+ Renal funetion was normal; alkaline phosphatase values were normal; xX ray survey of bones showed no 
abnormalities in any patient 

t The patient showed neither the facies nor the characteristic x-ray changes of pseudohypoparatbyroidism 

$ Cataracts developd while the patient was presumably under treatment 

i) The original diagnosis was a convulsive disorder, and hypoparathyroidisin was not recognized until 
after cuteracts developed 


The diagnosis of hypoparathyroidism presents little difficulty if the condition ts 
horne in mind. Whether prevention of cataract is possible by early recognition and 
adequate treatment is not known. It is certainly a goal to be sought. Treatment 
presents few difficulties. 

SUM MARY 

Four new cases of idiopathic hypoparathyroidism with cataract are reported. 

The occurrence of cataract in hypoparathyroidism is discussed. 
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HEREDITARY POLYMORPHOUS DEEP DEGENERATION OF THE CORNEA 


HARRY B. McGEE, M.D. 
AND 


HAROLD F. FALLS, M.D. 
ANN ARBOR, MICH. 


T HAS been our privilege to study two families certain members of which 
exhibited a rarely observed form of endothelial dystrophy of the cornea. .\ care- 
ful survey of the families revealed that the aberration is hereditary and most likely 
congenital. It is to be differentiated from the usually described endothelial dys- 
trophy, or corneal guttata. 


REVIEW OF LITERATURE 


Polymorphous degeneration of the deep layers of the cornea is characterized by 
the presence of polymorphic opacities, vesicles, and concavities of the endothelium, 
and possibly Descemet’s membrane. 

Koeppe! (1916) was probably the first to describe this form of endothelial dys- 
trophy. He presented six cases of his own in which keratitis bullosa interna was 
exhibited. This author postulated that the concavities were congenital pits on the 
inner corneal surface. In 1920 Koeppe reported 18 cases in which similar lesions 
were present. Since the eyes exhibited no other pathologic condition, the author 
concluded that the lesion was of congenital origin and was due to a defective devel- 
opment of the endothelial suriace. 

Triebenstein * (1925) reported three cases in which similar changes of the 
endothelium and Descemet’s membrane were present. In his cases a bullous-like 
degeneration of the endothelial surface was exhibited. Tricbenstein emphasized 


that the condition in his cases was to be differentiated from cornea guttata, and he 
termed it endothelial dystrophy. 

Freudenthal * (1932) emphasized the hereditary nature of the trait, deseribing 
the endothelial dystrophy in a father and his son. The epithelium was not involved 
in either of the affected persons, and the endothelium presented uneven, spot-like 
swellings and sharply limited deposits. The deeper stromal layers showed turbidity. 

Theodore * (1939) was the first to report cases of endothelial dystrophy in the 
American ophthalmologic literature. His three cases, those of a girl, her father, : 

Junior Clinical Instructor, Department of Ophthalmology (Dr. McGee). 

Associate Professor of Ophthalmology and Research Associate of Institute of Human Biol- 
ogy, University of Michigan (Dr. Falls). 

1. Koeppe, L.: Klinische Beobachtungen mit der Nernst Spaltlampe und den. Hornhaut- 
mikroskop, Arch. opht. 91:375, 1916. 

2. Triebenstein, O.: Veranderung an der Hornhauthinterflache, Klin. Monatsbl. Augenh. 
74:777, 1925. 

3. Freudenthal, E.: Uber zwei Falle von familiarer Endotheldystrophie der Hornhaut bei 
Vorhandensein allgemein degenerativer Veranderungen, Ztschr. Augenh. 78:224, 1932. 

4. Theodore, F. H.: Congenital Type of Endothelial Dystrophy, Arch. Ophth. 21:626, 1939. 
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and the maternal grandmother, emphasized the genetic character of the disease. 


None of the patients exhibited epithelial changes. “The author believed the condition 
congenital and suggested that endothelial dystrophy be considered to have two 


forms, one congenital and the other senile (cornea guttata). Berliner ® discussed 


Theodore’s cases in his excellent volume, stating that ‘tthe posterior face of the cor- 


nea was studded with large and small, irregular, round and elliptic clear structures 


more numerous in the pupillary zone. A certain turbidity was noted in the deeper 


corneal parenchyma.” Berliner considered that the clear structures were nodules or 
. thickened depressions, rather than vacuoles. 


Schlichting © published two cases, those of a father and his 4-vear-old daughter, 


in Which the deep corneal surface presented concavities and vesicles. ‘The author 


. insisted that the condition was not similar to cornea guttata. 


Cuntz-Schiissler * described two families with endothelial dystrophy of the 


cornea. Her first family exhibited a similar alteration of the posterior limiting 


membrane in three generations. 


Forni * deseribed concavities and vesicles in the endothelium in a father and his 


t-year-old daughter. 


Franceschetti, Mein, and Babel” recently reviewed the subject of the corneal 


dystrophies. They considered polymorphous degeneration as one of the dystrophies 


and of the posterior limiting membrane and differentiated it from cornea guttata, 


They erroneously considered the condition in Theodore’s cases to be cornea guttata, 


N FAMILY 
Kindred 3310 was first encountered on Feb. 22, 1952, in the outpatient clinic of the department 
of ophthalmology of the University of Michigan Hospital, when a father presented his 4-year- 


old son for ocular examination because of the latter’s poor visual acuity. A careful pedigree 


(Fig. 2) was secured, and a study of the entire family was instigated when biomicroscopic 


examination revealed that both the son and the father exhibited similar dystrophic changes in 


the posterior corneal lavers. It was found necessary, for reasons of cooperation and economic 


status, to examine the remainder of the family in their homes. A Poser slit lamp was included in 


the portable armamentarium of the examining team. 


OcuLaR Finpinecs Arrectep MEMBERS 


Patient C, N.— The boy, aged 4 years, was pleasant, cooperative, and well developed. 


External ocular examination revealed a right convergent strabismus of approximately 10 degrees, 


The fixation of the right eye was eccentric. The extraocular movements were normal. The lids, 


conjunctiva, and superficial portion of the cornea were normal binocularly. The pupillary 


reflexes, direct and consensual, were prompt and equal on the two sides. Corneal sensitivity 


seemed within normal limits. 


5. Berliner, M. L.: Biomicroscopy of the Eye: Slit Lamp Microscopy of the Living Eye, 
New York, Paul B. Hoeber, Inc., 1949. 
6. Schlichting, H Blasen und dellenformige Endotheldystrophie der Hornhaut, Klin 
Monatsbl. Augenh. 107:425, 1941. 
7. Cuntz-Schussler, Eo: Uber zwet Sippen mit eigenartiger erblicher Hornhautdystrophie, 


Klin. Monatsbl. Augenh. 112:70, 1947. 


8. Forni, S.: Dégénérescence polymerphe familiale de la membrane limitante posterieure 
de la cornée, Arch. opht 11:162, 1951. 


9. Franceschetti, A.; Klein, D., and Babel, J.: Clinical and Social Aspects of Heredity in 
Ophthalmology, reprinted from Acta XVI Coneilium Ophthalmologicum Britannia, 1950 
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hunduscopic Study. The lens, central media, vessels, and retinal periphery were within nor- 
mal limits in both eyes. Circumpapillary retinal atrophy and myopic degenerative changes in 
the macula were found in the right eye. The disk and macula were normal in the left eye. The 
tunduscopie details were not grossly obscured by the presence of deep corneal opacities. 

Biomicroscoptc Study, Right and Left Eyes (hig. 1).—The corneal epithelium the 
anterior two-thirds of the stroma were normal. The entire posterior surface of the cornea was 
studded with large, clear vesicular and nodular lesions, of varying size. An occasional vesicle 
wo nodule exhibited grayish infiltration in and about its base, resulting in a slight increase of 
the relucence of the surrounding stroma. These clear structures appeared to encroach on both 
Descemet’s membrane and the anterior chamber, presenting an anterior convexity. In the zone 
of spectral reflection the endothelial surface between the lesions was normal or presented 
increased translucency. Cornea guttata could not be demonstrated. No gross pigmentation was 


observed 


hig. 1.——-Hereditary polymorphous deep degeneration of the cornea. Diagrams at the top 
illustrate distribution of lesions in the father No) and his son The lower diagram 
is an optical section of the cornea, ilustrating the location and depth of the lesion. 


Kefraction..-With eyelop. , retraction was as follows: 
OD. 25.00 sph. =6/60+4 
O.S §.25 +2.00 cyl, axis 9 = 6/15 

Diagnosts.— The diagnosis was hereditary endothelial dystrophy in both eyes, right convergent 
strabismus, eccentric fixation of the right eye, and amisometropia. 

Parient PN. The father of C. N., aged 42, a rather stocky, well-proportioned man, exhib- 
ited a mildly ataxic gait and slurred speech. No gross pathologic neurological retlexes could 
be elicited, and the family attributed the defects to “polio.” 

Ophthalmologic Fxamimation.—Uneorrected visual acuity was 20/30 in each eye. On external 


examination the eyes appeared straight in the primary position. The extraocular movements were 
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normal. The conjunctiva, anterior chamber, and iris were normal in both eyes. Pupillary reflexes, 
both direct and consensual, were prompt and equal on the two sides. Corneal sensitivity was 
apparently normal in each eve. 

Funduscopic Study —TVhe lens, central media, disk, vessels, macular area, retinal 
periphery were normal in both eves 

Biomicroscopie Study (Fig. 1).—The epithelium and anterior two-thirds of the corneal stroma 
were entirely normal. The posterior surface of the cornea presented concavities, vesicles, and 
polymorphic opacifications in both eyes. These dystrophic changes were similar to those in his 
son’s eyes except that the lesions were sparser and were contined chietly to the central axis. 


Cornea guttata was not seen. The anterior chamber and aqueous were normal in both eyes. 


@ ENDOTHELIAL OF THE CORNEA 
EXAMINED, NOR 


hig. 2.—Hereditary polymorphous deep degeneration of the cornea. University of Michigan 


Heredity Clinic, pedigree of Kindred 3310, suggestive of dominant inheritance 


@ ENDOTHELIAL OF THE CORNEA 
DIABETES MELLIT 
EXAMINED FOR ENDOTHELIAL DYSTROPHY, NORMAL 


O 


Fig. 3.—Hereditary polymorphous deep degeneration of the cornea. University of Michigan 
Heredity Clinic, pedigree of Kindred 3360, suggestive of a recessive inheritance. 


Careful examination, both gross and biomicroscopic, of all available members of the family 
failed to reveal any other affected members. The records of the normal and the affected members 
of this family are available in the permanent tiles of the Human Heredity Cline 

The study of Kindred 3300 (Fig. 3) was instigated by the referral to the University 
ophthalmological clinic of the propositus, R. L., by the department of endocrinology and 
metabolism for ocular examination, on May 6, 1952. The patient was a known diabetic, with his 
disease under good control. The pedigree disclosed that a certain state of consanguinity existed 
between the patient's parents, but he did not know the exact relationship. Because of geographic 
inaccessibility, no other members of the family were available for study. The family history, 
however, revealed no evidence of similarly affected members 


OcuLAR EXAMINATION 


Patient R. 1L.—The patient, aged 43, was a moderately obese but well-proportioned man, of 
dark complexion. Uncorrected visual acuity was 6/6 in each eye. External examination dis- 
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closed that the eyes were straight in the primary position. The extraocular movements were 
normal. The lids, conjunctiva, and anterior chamber were normal in each eye. Corneal sensitivity 
was normal 

Funduscopic Study—Examination revealed the presence of arteriosclerosis of the retinal 
vessels and a small, punctate hemorrhage near the left macula. 

Biomicroscopic Study. The epithelium and anterior layers of the corneas were normal. The 
deeper stroma presented an increased relucence. The periphery of the posterior corneal surface 
exhibited large, irregular-sized vesicles and concavities. The corneal endothelium between the 
lesions was entirely normal. Cornea guttata was not noted. 

Fonometric Tensiton.—Tension (new Schivtz) was 23 mm. Hg. in each eye. 

Refraction With cycloplegia, refraction was as follows: 

O.D.: +0.50 sph.=6/4.5 
O.S.: +0.50 sph.=6/4.5 

Diagnosis.—TVhe diagnoses were hereditary endothelial dystrophy and arteriosclerosis of the 
retinal vessels in both eyes, and diabetes mellitus with diabetic neuropathy. 

The patient’s wife and children were carefully studied and found to be free of endothelial 
changes. It was impossible to contact any other members of the family. 


COMMENT 


Polymorphous degeneration of the posterior layers of the cornea, or hereditary 


endothelial dystrophy, must be considered a clinical entity, It is to be ditferentiated 
from cornea guttata. The latter is of common incidence, whereas very few cases of 
polymorphous dystrophy of the endothelium have been reported. Cornea guttata, 
moreover, is frequently observed as a senile or presenile condition, probably gene- 
determined, but may also be noted subsequent to inflammatory disease of the ante- 
rior chamber. In one of our three cases, polymorphous endothelial dystrophy, quite 
unlike that in most of the reported cases, was contined to the periphery of the cor- 
neal endothelium, As previously mentioned, the pathology in all cases consisted of 
vesicles, nodules, and opacities, of varying sizes, confined to the endothelium and 
Descemet’'s membrane. We have postulated that the denser opacities or scars may 
well have been the sequelae of vesicular rupture or collapse. Berliner, however, does 
not concur in the opinion that the clear areas are vesicles but, rather, believes they 
are nodules. Correct interpretation will await study of a pathological specimen, 
which is as yet not available. 

Polymorphous degeneration of the posterior limiting membrane is gene-deter- 
mined and is apparently transmitted as a dominant trait, with fairly good penetrance. 
There is a fair degree of intrafamilial variability in expressivity. The youngest of 
our three attected members presented the most extensive degree of involvement. It 
is our belief that the disease is congenital m origin and is nonprogressive, or at best 
of extremely slow progression, In no instance has the anterior layers of the cornea 
been involved, 


HEREDITARY CONSIDERATION 


\ careful scrutiny of the literature, admittedly scant, suggests that polymor 
phous degeneration of the endothelium may be transmitted as an autosomal domi- 
nant. Cuntz-Schussler’s observation of three successive generations of affected 
members lends credence to this hypothesis. In our first family (Fig. 2) the appear- 
ance of the disorder in a father and his son is insufficient evidence upon which 
dogmatically to suggest dominant inheritance, although this is possible, in view of 
the denial of consanguinity of the propositus’s parents. 
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The presence of consanguinity in the parents of our second patient (Fig. 3) is 


interesting and may suggest the possibility of a recessive gene for the trait, as 
exhibited by the patient, R. 1. It cannot be denied that the consanguinity may be 
merely coincidental and as such may have no relation to the disease state. It ts 
indeed regrettable that the geographic scattering of this family made it impossible to 
make a more adequate study. 
SUMMARY 

Two families exhibiting polymorphous degeneration of the endothelium are 
reported, The condition is a specific entity and is to be differentiated from cornea 
guttata. 

The trait is genetically determined and is most frequently transmitted as an 


autosomal dominant. 
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TUMOR OF 


THE OPTIC DISK ASSOCIATED WITH NEUROFIBROMATOSIS 
Presentation of a Case 


ROBERT H. TRUEMAN, M.D. 
AND 


EDWARD RUBIN, M.D. 
PHILADELPHIA 


UMORS of the optic disk (nerve head, or papilla) associated with neurotibro- 

matosis (von Recklinghausen’s disease) are exceedingly rare, there being but 
two cases in the literature to date. The first was reported by Stallard! in 1938 and 
the second, in which tumors of both disks were found, by Goldsmith * in 1949. It is 
the purpose of this paper to report an additional case, that of a tumor of the right 
disk oceurring in a patient with a number of other manifestations of neurotibro- 
miatosts. 


PRESENTATION OF CASE 


History. M.S., a white man aged 32, had a negative medical history until 1943, when, at 
the age of 23, he was examined by his Selective Service Board and rejected for military service 


because of nodules on the anterior chest wall. He was examined at Jefferson Medical College 


Hospital, where, in addition to the nodules, numerous café-au-lait spots on the skin of the trunk 
were found. Biopsy of three of the nodules was carried out, and the diagnosis of neurofibro 
matosis was made 


The patient remained symptom-free for the next five years, when, in April, 1948, there 
developed aching and. stiffness of his lower back. He consulted several physicians because of 


this, and when no relief! was obtained he was admitted to Hahnemann Hospital for study. Here, 


im September, 1948, a myelogram was obtained, followed by a cervical laminectomy. The 
operative notes show that four small tumors were found in the spinal canal, whieh, on micro 


scopic examination, proved to be neurofibromas. Convalescence from his operation was unevent 


ful except for residual clumsiness of his hands and fingers 

His physical condition was unchanged from his discharge from the hospital, in October, 1948, 
until June, 1949, when pain developed in his lett shoulder, arm, and hand. At that time he was 
admutted to Temple Hospital, where, after another myelographic study, a second laminectomy 
was done, on June 20, 1949) An operative note made at that time indicated that nothing abnormal 


was found about the cord but it was stated that the myelogram revealed “a peculiar notch in 


the cord at the level of the third cervical segment and flattening at the level of the fifth cervical.” 


\iter lus second laminectomy he was much worse, losing strength in his body, his arms, and , 


his legs. There was slight improvement in the next six months, but then his arms and hands 
beeame much clumsier, and in April, 1950, he was admitted to the rehabilitation department of 
Philadelphia General Hospital 


the 


Neuro-Ophthalomology Service, Philadelphia General Hospital 


Presented at the joint meeting of the Philadelphia Neurological Society and the New York 
Neurological Soc lety, \pril 18, 1952 


1. Stallard, H. Bo: A Case of Intraocular Neuroma (von Recklinghausen’s Disease) of the 
Left Optic Nerve Head, Brit. J. Ophth. 22:11, 1938 


2. Goldsmith, J.: Neurofibromatosis Associated with Tumors of the Optic Papilla: Report 
oft Case, Arch Ophth 41:718, 1949. 
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Family History—The patient's mother was living and well, although, according to the 
patient she had a number of nodules similar to the type he had. He had a 35-year-old sister who 
had a number of brown patches on the skin of her body. We were unable to examine either ot 
these members of his family. He also had a brother, aged 29, and two other sisters, aged 22 
and 38, none of whom had any of the stigmata of neurofibromatosis 

Physical Examination.—The patient on admission was well nourished and in no acute distress 
or pain, although constantly confined to a wheel chair. 

Examination of the skin showed numerous cafe-au-lait spots over the chest, shoulders, upper 
arms, anterior abdominal wall, and thighs. They varied in size from that of a pinhead to & to 
10 em. in diameter, 

The patient also exhibited a number of various-sized subcutaneous nodules. At the base of 
the neck, just above the outer end of each clavicle, were two large ones, both about the size of 
an egg, freely movable, and not attached to any underlying structures. There were two chains 
of small subcutaneous nodules on the inner aspect of each upper arm. One deep nodule, 
unattached and freely movable was present in the left upper abdominal quadrant. In addition 
to these, there were several isolated nodules on the inner aspect of each thigh 

Veurological Pindings.The patient has been in the rehabilitation service of the hospital tor 
two years and has had repeated neurological examinations, including those done by two chiets 
of the neurological services, Dr. Sherman F. Gilpin Jr. and Dr. Nathan S. Schlezinger. From the 
repeated examinations it is evident that the patient has a residual spastic, ataxic cervical para 
paresis. In the sensory realm, there is absence of position and vibration sense in both legs, with 
diminution of pain sense in the distribution of the eighth cervical and first thoracic nerves 
bilaterally. In the motor sphere, there is bilateral atrophy of the deltoid muscle and torearm, 
with atrophy of the small muscles of the hands. Weakness im beth legs of a spastic variety 
is also present. Early in his hospitalization diminished tonicity to absence of deep reflexes in 
the upper extremities and deep hyperreflexia in the lower extremities were found. Hyperretlexia 
was found, however, in all the later examinations. The Babinski reflex was elicited bilaterally 
in all examinations. In one of the earlier examinations a note was made that “the signs and 
symptoms are largely attributable to a myclopathy involving the middle and lower cervical 
regions of the spinal cord, secondary to both surgical trauma and neoplastic compression.” It 
was later noted that the patient showed “lower-motor-neurone signs im the left arm and both 
hands and upper-motor-neurone signs in both legs.” At no time has further surgical intervention 
been considered 

Laboratory Studies —The complete blood cell count, urinalysis, blood sugar and blood urea 


mitrogen determinations, and results of blood serologic tests were within normal limits. The 


cerebrospinal tluid pressure and the cerebrospinal fluid itself had, on two previous occasions, 


been reported as normal 


N-Way Studtes. X-rays of the skull and specific examinations of the optic foramina and 
the superior orbital fissures were reported as negative 

X-rays of the chest taken in May, 1950, and November, 1951, had shown enlarged nodes in 
the superior mediastinum bilaterally and an area of density in the apices of both lungs, more 
sharply detined over the apex of the lett lung. There had been no change in the x-ray 
appearance ot the lesions in the 18-month interval. It was the roentgenologist’s opimien, im 
view of the absence of clinical findings and of changes m the x-ray films over the T&-month 
interval, that the lesions were neurofibromatous 

Ophthalmological txvamination.—Viston was 6/15 Cunmoproved with correction) im the right 
eve and 6/6 in the lett eve 

External Ocular was no ptosis or exophthalmos. The lids, conjunetiva, 
sclera, and cornea were normal bilaterally. The pupils were 4 mm. in diameter and were round, 
central, regular, and equal, with normal reflexes. The extraocular movements were full, and the 
muscle balance tor near and distance was within normal limits. Corneal sensitivity was normal 
in each eye. Intraocular tension, obtained with the Schiptz tonometer, was 16 mm. Hy in each 
eye. Shit-lamp examination showed no pathological condition of the cornea, anterior chamber, 


iris, or lens in either eye. 


> 
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Ophthalmoscopic E-.xamination.—Right Eye: There was 2 D. of myopia in this eye. The media 


were clear. The disk was large, the diameter being at least three times that of the disk of the left 


eye. The margins were replaced by a doughnut-shaped gray mass, approximately '; disk diameter 


in width and elevated 3D. at its circumferential apex, which sloped outward into a collar of 
gray-white tissue completely surrounding the enlarged disk. The inner rim of the encircling 
doughnut-shaped mass dropped to the surface of the disk proper, which was covered with a 


\ 


\ 


\ 


Appearance of the right optic disk. 


thick layer of gray-white, semitranslucent tissue, concealing the emerging blood vessels except 
at the periphery. This tissue appeared mostly striated, although it was nodular in places and 
heaped up in the center. Immediately outside the encircling gray collar was a rim of choroidal 
sclerosis, approximately 44 disk diameter in width, showing an overabundance of intervascular 
pigmentation of a granular character, The outer margin of this rim ended sharply in a seemingly 
normal retina. The blood vessels, as they came to the surface through the gray-white tissue 
and humped over the doughnut-shaped mass, appeared more radially spread than normal. The 
veins appeared slightly overfull, but no more tortuous than those on the left. The arteries were 
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definitely attenuated, somewhat tortuous, and with an increased light reflex. The macula was 
normal, as was the rest of the retina. No hemorrhages or exudates could be seen. No other 
pigmentary disturbances were visible. 


Left Eye: The ophthalmoscopic examination gave normal results in all details. 

Visual Fields —Right Eye: The central fields showed marked enlargement of the blind spot 
with a breakthrough into the periphery. A rather blunt projection extended from the enlarged 
blind spot almost to the fixation point. 

Left Eye: The visual field was normal except for slight contraction of the peripheral field. 

Previous Ocular History.—During one of the examinations the patient said that he had had 
an eye examination at Wills Hospital when he was 16 years old and that considerable interest 
was taken in his case. He stated, “A lot of doctors looked in my right eye, and I was told that 
they didn’t know what it was but they thought that something was growing on the nerve.” 
He also stated that an attempt was made to sketch the lesion but that he became tired, left the 
clinic, and never returned. 


The clinic record was obtained trom Wills Hospital and a description of the examination, 
made June 10, 1936, follows : 

“Examination of M. S., Wills Hospital, Dr. B. Griscom’s Clinic: Vision is 6/21, corrected 
to 6/15, in the right eye and 6/9, corrected to 6/6, in the left eye. 

“There is a history of poor vision in the right eye; the patient does not know how long it 
has been poor. He gives no history of accident or injury. He was never glassed 

“External examination is not contributory. 

“Fundus. Right eye. The mediae are clear. The disk margins cannot be made out. The disk 
is located by means of vessels. Overlying the nerve head ts an opaque tissue, striate and 
apparently continuous with the sheath of the vessels, suggesting connective tissue. Otherwise 
the blood vessels appear normal, and immediately surrounding the disk the retinal pigment is 
disturbed, giving it a tigroid appearance. No lesions are seen in the macula or the periphery. 


“Left eye. The eye is normal.” 


It should be noted that no statement 1s made about the present dissimilarity in 
the size of the two nerve heads. Apparently, at that time the entire disk was covered 
by the opaque tissue described, obscuring some of the details now visible. The area 
of tigroid appearance corresponds to the rings of choroidal sclerosis now visible. 
There have been definite changes in the appearance in 15 years. 


COMMENT 


Since 1882, when von Recklinghausen first described the disease characterized 
by tumors of the skin and peripheral nerves with cutaneous pigmentation, a number 
of manifestations have been added to the deseription of this complex condition. 
Walsh * summarized its description as “a disease characterized by tumors of the 
skin, cutaneous pigmentation, multiple tumors arising from the sheaths of the 
cranial, spinal, peripheral and sympathetic nerves, abnormalities in bones, defective 
development of the central nervous system, other developmental abnormalities and 
buphthalmos ; with incomplete forms commonly observed.” 

That the disease is not common, that it 1s congenital, and that there is some 
heredofamilial incidence, with a predilection for males (Cockayne *), has been 
known for some time. The condition may be present at birth, or it may not become 
manifest until as late as the fourth decade. It may become activated at puberty, 
during pregnancy, or at the menopause; at any of these times the number or size 

3. Walsh, F. B.: Clinical Neuro-Ophthalmology, Baltimore, Williams & Wilkins Company, 
1947, p. 1072. 

4. Cockayne, FE. A.: Inherited Abnormalities of the Skin and Its Appendages, New York, 
Oxtord University Press, 1933, p. 288. 
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of the nodules may imerease, the number, size, or pigmentation of the café-au-lait 
spots may increase, or additional manifestations of the disease may appear. The size 
of the nodales and the areas of cutaneous pigmentation may increase, paralleling 
the normal body growth. 

Reports of the ocular manifestations of neurofibromatosis began to appear shortly 
after the publication of the original article by von Recklinghausen, and most of the 
ocular structures have been found to participate in the disease. Walsh * covered the 
field of the ocular manifestations of the disease, and Frangots * surveyed the French 
literature on the subject. 

Walsh discussed at length neurofibromatosis of the lids; neurofibromatosis and 
congenital glaucoma; neurofibromatosis of the iris, cornea, ciliary nerves, choroid, 
cihary body, retina, optic nerve, and disk ; neurohibromatosis of the orbit; pulsations 
of the globe due to bony deformities, and, finally, intracranial neurofibromatosis. 

The order of frequency of the ocular manifestations, according to Goldsmith,’ 
is as follows: lids and optic nerve, orbit, retina, uvea (iris, choroid, and, rarely, the 
ciliary body), cornea, tarsal conjunctivae, and, finally, bulbar conjunctiva. 

That there was a relation between tumors of the optic nerve, and neurofibroma- 
tosis was recognized as early as 1893 by Goldmann" and in 1902 by Emanuel. 
Reese * now feels that at least 10% or more of tumors of the optic nerve are asso- 
ciated with neurofibromatosis. Despite these statements, the exact relation between 
the two has still to be established. 

Some pathologists and ophthalmologists are of the opinion that the tumor is 
present independent of, and only coincidental to, the neurofibromatosis. Verhoett,” 
in 1932, stated that if a relation existed between the two conditions it would be that 
“they were both dependent upon some congenital anomaly.” \nother group, headed 
by Davis," 


on the other hand, believes that the optic nerve tumor represents only 
another manifestation of the disease. Davis stated that the tumor should not be 
referred to as a neurofibroma, since it is actually a ghoma, or, occasionally, a 


menmgiona, White and Loewenstein '' reported a nonpigmented tumor of the optic 
nerve, closely resembling that in Stallard’s ' case, which they believed represented 
a malformation resembling a new growth developing from undifferentiated neuro 
ectodermal cells 

The stumbling block in the relationship between the peripheral nerve tumors 
and the optic nerve tumor is the absence of the sheath of Schwann in the optic nerve. 


5. Frangots, Jo: Les manifestations oculaires de la maladie de Recklinghausen, Ann. ocul 
181:753, 1948 
6. Goldmann, KE. Eo: Beitrag zu der Lehre von den Neuromen, Beitr. klin. Chir. 10:13, 1893 
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Del Rio Hortega advanced a theory that, since the oligodendroglia of the optic nerve 
can be considered homologous with the Schwann cells of the peripheral nerves, both 


elaborating and maintaining the myelin sheaths, a view also held by Pentield,' 


the two structures could participate inthe same pathological process. 

It is safe to assume that the question will not be completely answered until the 
cause of von Recklinghausen’s disease has been established. 

As noted previously, tumors of the optic nerve head are rare, the present case 
being but the third to be reported. \ brief résumé of the two previous cases appears 
here. 

Stallard, in 1938,' reported the first case, that of a white youth aged 19 with 
a hemispherical mass projecting forward from the left nerve head. The eye was 
enucleated, and the tumor was reported as a neuroma. Two vears aiter the eve had 
heen enucleated, there developed signs of increased intracranial pressure from one 
or more intracranial neoplasms, the right auditory nerve being involved. The patient 
died shortly after a subtentorial decompression, but no autopsy was performed ; 
so the diagnosis was not confirmed. 

In 1949 Goldsmith * reported a most unusual case, that of a white man aged 26, 
a soldier, in which bilateral tumors of the optic nerve heads were incidental findings. 
In the course of a physical examination, multiple nodules were found on the back, 
abdominal wall, and inner aspect of the left arm. Biopsy of a nodule from the arm 
led to the diagnosis of neurofibroma. Café-au-lait spots were also found over the 
trunk and thighs. Both optic disks showed “a growth of new-formed tissue project 


ing forward.” In addition, the patient showed evidences of possible neurotibro- 
matous growths in the apex of the right lung and bilateral acoustic neuroma. No 
pathological studies could be carried out except for the biopsy of a nodule from: the 
left arm, and Goldsmith was unable to follow the patient clinically because of his 
separation from the service. 

Comparison of the three cases shows interesting similarities and dissimilarities 
( Table a 

All three cases occurred in young white men, The vision in the involved eves 
Was not seriously impaired, the poorer vision in the right eve in Goldsmith's case 
being due to old macular chorioretinitis. The appearances: of the disk in the two 
previous cases were practically similar, while in the present case the appearance was 
similar in an examination made 15 years previously. During the intervening vears 
the condition of the disk had apparently resolved itself into its present status. 
Choroidal sclerosis was absent in the first case but present in both eyes in the second 
case and in the present one. Irregular yellow exudates were seen im the retina by 
both Stallard and Goldsmith but were absent in the present case. Medullated nerve 
fibers, generally accepted as relatively common in a case of this type (Reese and 
associates,’ Fischer,''), was found only in Goldsmith's case. Early retinal arterio 
lar sclerosis was found in the last two cases. 

12. Penfield, W., Editor: Cytology and Cellular Pathology of the Central Nervous System, 
New York, Paul B. Hoeber Inc., 1932, Vol. 3. 

13. Copeland, M. M.; Craver, L. F., and Reese, A. Bo: Neurofibromatosis with Ocular 
Changes and Involvement of the Thoracic Spine: Report of a Case, Arch. Surg. 29:108, 1934 

14. Fischer, H Beitrag zur Recklinghausenschen Krankheit: Missbildungen am Auge, 
besonders die markhaltigen Nervenfasern der Netzhaut, Dermat. Ztschr. 42:143, 1924; cited by 
Goldsmith.* 
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There was absence of nodules and cutaneous pigmentation in Stallard’s case, but 
an abundance of both in Goldsmith’s and in the present one. Davis, in his exhaustive 
article, stated that optic nerve tumors were not usually found in neurofibromatosis 
with widespread tumor formation over the body. 

It is interesting to note that both in Goldsmith's case and in the present one there 
was x-ray evidence of pathology in the apices of the lungs and, in the present one, 
in the superior mediastinum. For the same reasons, the roentgenologists in both 
cases felt that the lesions were neurofibromatous in nature. 

In all three cases neurological manifestations were present. In Stallard’s case 
there was evidence of multiple intracrania! tumors, with involvement of the auditory 
nerve, resulting in the death of the patient. In Goldsmith's case clinical evidences 


(lmical Comparison of Three Cases of Tumor of the Optic Disk Associated with Neurofibromatosis 


Stallard (1938) Goldsmith (949) Trueman-Rubin (1953) 
Patient ‘ . White man, aged 19 White man, aged 26 White man, aged 31 
Eye involved Left Both Right 
Vision O.D.: 6/6; O.8.: 6/18 O.D.: 6/30; O.8.: 6/6 ©. D.: 6/165: O. 8.: 6/6 
Optic nerve head ...« Hemispherie mass of new New-tormed tissue project Doughnut-shaped ring, ele 
formed tissue, gray color ing from disk; surface vated 3 D.; gray, nodular 
with nodular surface, ill nodular and striated: ele and striated mass filling 
defined edges vated 4.5 D.; temporal half nerve head 
eray-red 
Chorolid . Normal Choroidal selerosis, inferior Ring of ehoroidal sclerosis 
and superior to disk around nerve head 
Retina ...ee Irregular flecks of exudates Yellow flecks in inferior nasal Normal beyond ring of 
ndjacent to disk quadrants choroidal sclerosis 
Medulated nerve fibers..... None Arehing from disk, superior None 
and inferior temporal quad- 
rants 
Vessels . Veins dilated and engorged; Veins full, nontortuous; Arteries attenuated with 
arteries normal arteries attenuated with increased light reflex; veins 
increased light reflex normal 
Pathology . Neuroma of optie nerve head 
Neurofibromata . Nothing found exeept in eye Nodules on back, abdominal Nodules on neck and inner 
on first examination wall, and inner aspect of aspect both arms and thighs 
left arm 
Catée-au-lait spots None Over trunk and thighs Over trunk, shoulders, and 
thighs 
Neurofibroma in apex of Neurofibroma in apices of 
right hing both lungs 
Additional findings... .. Intracranial tumors later Bilateral acoustic neuroma Neurofibromata of cervical 
developed; patient died region of spinal cord; two 
atter a craniotomy lamineetomies done 


of bilateral acoustic neuroma and mental retardation were present. In the present 
case neurofibromata of the cervical region of the spinal cord, necessitating two 
laminectomies, were found, 


SUMMARY 


\ case of a tumor of the right optic disk associated with romatosis is 
presented, The associated findings of the disease were a sugge ve family history, 
cutaneous nodules, café-au-lait spots, tumors of the cervical portion of the spinal 
cord, and suggestive neurofibromatous lesions of the apices of both lungs. 

\n interesting feature was an ophthalmological examination 15 years previously 
in which a tumor of the optic nerve head was suspected. 

The historical background of neurofibromatosis (von Recklinghausen’s disease ), 
its ocular manifestations, and the theories concerning the relation of the optic nerve 
tumors and neurofibromatosis are briefly reviewed. 

The findings in the two previously reported cases of tumor of the optic nerve 
head associated with neurofibromatosis are compared with those in the case being 


reported, 
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ANOMALOUS BINOCULAR DEPTH PERCEPTION DUE TO 
UNEQUAL IMAGE BRIGHTNESS 


PAUL W. MILES, M.D. 
ST. LOUIS 


URING the naval battles of World War I, mistakes were made in diserimi- 

nation of position and direction of movement of a formation of ships. To 
the lookout the ships appeared to be moving in a straight line, when in reality 
they were moving obliquely in step formation. Such an error in perception would 
be typical of amsopia or anisodominance. The anomalies apply especially to air 
craft formation flying and landing operations but also to automobile traffic situations, 
where target and background contrast is unusually high. 


Anisopia is an anomaly, discovered by Cibis,' which may exist from a monoc 


ular defect in the brightness or in the focus of one retinal image. It results 


in an apparent rotation, or “venetian-blind effect,” of contrasting surfaces in a 
frontal plane on their individual central vertical axes. When the phenomenon 
is elicited in a normal person by reducing the light striking one retina, it may be 
called irradiation stereoscopy.* 

Anisodominance is a related anomaly of binocular vision, which to my knowl- 
edge has not been previously described. It differs from aniseikonia and antsopia 
in that stereopsis is not required. As in anisopia, the error in depth perception 
is due to unequal retinal image brightness. Instead of apparent rotation of plane 
surfaces, anisodominance causes simple errors of relative distance of objects 
of any shape. 

Antsodominance 1s somewhat analogous to sound localization. If a noise sounds 
twice as loud in the right ear as it does in the left, it is naturally localized 
toward the right. In the binocular visual field, there is an ill-defined similar tendency 
for the right eve to predominate over the right half, and the left eye to predominate 
over the left half, of the field. If a pair of objects appear relatively brighter 
or larger to the right eye than they do to the left, the right of the two objects 
appears nearer. [In both hearing and vision, a unilateral sensory defect could disturb 
such a mechanism. 

Detection of anisopia requires flat-surface targets, on each edge of which 
stereoscopic disparity can act to make the surface appear oblique. Such disparity 
could make no noticeable rotation of vertical-rod targets, because such a target 

From the Department cf Ophthalmology and the Oscar Johnson Institute of the Washington 
University School of Medicine. 

1. Cibis, P. A., and Haber, H.: Anisopia and Perception of Space, J. Optic. Soc. America 
41:676-683, 1951. 

2. Ogle, K. N.: A Criticism of the Use of the Word “Anisopia,” Letters to the Editor, 
J. Optic Soc. America 42:142, 1952. 
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would appear the same to the two eves in any state of individual rotation. Therefore, 
the fraction of anisopia due to anisodominance can be separated out by using two 
or more vert al rods for test objects. 

Such test objects in the Howard-Dolman depth perception apparatus were 
used by Seott and Sumner * for subjects having known ocular dominance. They 
asked 10° right-eyed and 9 left-eyved college students to adjust the position of 
the movable right rod until the two vertical rods appeared equidistant. Repeated 
settings in each case showed a significant tendency for one rod to be placed more 
distant from the homolateral, dominant eve. In other words, right-eyed students 
thought the right one of a pair of equidistant rods appeared nearer, while left-eved 
students thought the left one was nearer, 

Scott and Sumner could not explain the phenomenon and published it only 
as a warning in the use of the Howard-Dolman apparatus. The answer is simple 
in terms of antsodominance and the following facts: 

1. In thousands of tests for aniseikonia in a similar two-line test in the space 
eikonometer there has never been any relation to dominance. The thin etkonometer 
target lines are not affected by brightness and size clues to distance, which do 
apply to the thick Ploward-Dolman rods. 

2. Reduction in the luminance in one eve causes proportional loss of stereo- 
scopic acuity.’ In retinal rivalry a smoked glass before one eve aids suppression. 

3. Even though a recessive eve has normal visual acuity, its image is not as 
bright as that of the dominant eve. Any microscopist notices this. Pugh * found 
in patients with strong ocular dominance, but normal visual acuity im the reces 
sive eve, that to equate the brightness for the two eves in the mirror haploscope 
might require as much as 100 times as much illuminance for the recessive eve. 

Tschermak " stated: 

If there is dissimilarity of brightness or color of illumination of the two eyes, each half ot 
the subjective visual field will first appear exclusively in the brightness or color presented to 
the homologous eve, except im the viemity of the point fixed, where rivalry or fusion wall 
immediately occur. 

This observation can readily be confirmed by use of the Lancaster red-green 
goggles. The subject looks at a large white wall surface, blinking occasionally 
and moving the eves slightly to prevent fatigue. The field separation into red and 
green halves is best seen in oblique gaze, where the curve of the nose and brow 
mark the red-green border. In my own eyes, the percentage participation of the 
two eyes in a binocular field ts approximately that indicated in the accompanying 
ligure 

In this Figure, the binocular field, with its two monocular crescents, is shown 
in relation to 30- and 60-degree, dash circles. With fixation at 2), 1) should 


3. Scott, R. and Sumner, FF. ¢ Eyvedness as Affecting Results Obtained with the 
Howard and Dolman Depth Perception Apparatus, J. Psychol. 27:479-482, 1949 

4. Verhoeff, F. Ho: Effeet on Stereopsis Produced by Disparate Retinal Images of Different 
Luminosities, Arch. Ophth. 10:640-645, 1933 

5. Pugh, M.: Brightness Perception and Binocular Adaptation, Brit. J. Ophth. 35:134-142, 
195] 

6. Tschermak, A.: Optical Space Perception, in Bethe, A.. and others, Editors: Handbuch 
der normalen und pathologischen Physiologie mit Berucksichtigung der experimentellen Pharma 
kologie, Berlin, Springer-Verlag, 1930, Vol. 12, Pt. 2. pp. 854-1000 
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appear entirely and permanently green, while G should appear red. [find that 
an object at B appears green about 900% of the time and red 10. Object: ( 
appears green 70% of the time and red 30°, ete. 

Tschern:ak was doubtiul whether chis rivalry’ phenomenon could be related to 
such visual conditions as the Howard-Dolman rod test. [ believe the relation to 
ocular dominance discovered by Scott and Sumner and contirmed by me makes 
the rivalry experiment significant in natural surroundings. In the bigure, sup- 
pose that the left eve be made recessive by means of the smoked glass, shown in 
dash lines. Suppose that this imbalance of rivalry would favor the right) eve 
about 106 all along the horizontal line. Then, with fixation at /), the fused 


Relative participation of the two eyes in the binocular visual field. A smoked glass betore the 
left eve would change the whole gradient in favor of the right eye 


perception from would be 800% from the bright-seeing, right eve and 20% 
from the dim-seeing, leit eve. At the same time, the fused perception from. ( 
would be 400% from the mght eve and 60 from the left eve. Object /. would 
then appear brighter than C. Owing to irradiation in the eve or im the visual 
cortex, the brighter image would appear larger and would be judged nearer. 

Fixation could move to /:, or to C, or to any other position, without changing 
the relative gradient in favor of the image to the right seen predominantly by the 
right eve. 


The hypothesis can be tested in several ways. [ rolled cylinders of white typing 
paper 1] by 2 in, (28 by 5 em.) in size and pinned them vertically on dull-black 
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cardboard, A smoked glass before the leit eye made the left cylinder move back. 
Similar cylinders of black carbon paper mounted on white cardboard moved in 
opposite fashion. In either case, the smoked glass makes the stimulated retinal 
area smaller at every contrast border. The white cylinder would appear smaller and 
the black cylinder would appear larger. This equal and opposite effect with white 
and black cylinders indicates that the phenomenon is more dependent on the image 
size than it is on image brightness. It also indicates that stereopsis is not a pertinent 
depth factor. 

Aniseikonic magnification makes both white and black cylinders move in 
the same way; that is, magnifying the right retinal image always makes the right 
cylinder move away. Such movement is well understood as due to. stereopsis 
and unerossed retinal disparity. Changes in one retinal-image illuminance could 
not possibly introduce retinal disparity, regardless of the change in retinal-image 
size, because the change in size is distributed equally between the two vertical 
contours of each retinal image. Only in plane-surface area targets could disparity 
occur, and the resulting individual target rotation is called anisopia, or irradiation 
stereoscopy. In anisopia there are for a dim left retinal image, crossed disparity 
of the left edge of each image and an equal uncrossed disparity of the right edge 
of each image, so that both appear to rotate on their respective central vertical 
axes. There is still no change in target distance in the manner produced by 
aniseikonia. 

SUMMARY AND CONCLUSIONS 

\ new anomaly of binocular depth perception due to unequal image bright- 
ness is described and named “anisodominance.”” It is of general functional signifi- 
cance, because when other distance clues are equal, a right-eyed person will see 


the right one of two objects nearer and a left-eved person will see the left one 


of the same two objects nearer. In this day of rapid air, land, and sea traffic, 
this anomaly merits further study. 
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HYPEROPHTHALMOPATHIC GRAVES’S DISEASE 


Clinical Observations in Nineteen Cases 


THOMAS R. HEDGES Jr., M.D. 
AND 


EDWARD ROSE, M.D. 
PHILADELPHIA 


Hl PURPOSE of this report is to describe the clinical course of 19 patients 

with hyperophthalmopathic Graves’s disease followed for periods varying from 
112 to 20 years. The classification and relation to thyroid dysfunction are considered 
in the light of this experience. 

The ocular manifestations which we have chosen to call the hyperophthalmo- 
pathic phenomena of Graves’s disease are also known by several other names: 
malignant, progressive, or postoperative exophthalmos ; exophthalmic ophthalmo- 
plegia ; the ophthalmopathic form of Graves’s disease, and thyrotropic exophthalmos. 
The current concept of Graves’s disease has heen aptly summarized by Means? as 
follows: 

Graves’ disease, therefore, may be defined as a constitutional disturbance of unknown origin, 
characterized in its full-blown classic form by hyperplasia of the thyroid, hyperthyroidism or 
thyrotoxicosis, and an utterly unique type of ophthalmopathy, together with widespread changes 
in other systems of the body. Many cases fulfill all these requirements; some only a portion 
of them. 

Surveying the several phases, or types, of Graves’ disease, one may recognize, among others, 
the following: 

Classic Graves’ disease—that is to say, with ophthalmopathy, thyrotoxicosis and goiter, 

Graves’ disease with thyrotoxicosis but no ophthalmopathy. 

Hyperophthalmopathic Graves’ disease with (a) Hyperthyroidism, (b>) Euthyroidism, and 
(c) Hypothyroidism. 


Some of the patients in our series did not conform completely to the concept of 
Graves’s disease implicit in Means’s description in that they presented large nodular 
goiters of mild toxicity. We have, nevertheless, selected the term “hyperophthal- 
mopathic Graves’s disease” because it is the most descriptive of those in common 
use and because it avoids the necessity of coming a longer or more cumbersome 
one. This syndrome may develop insidiously or in a fulminant, rapidly progressive 
form. It may appear initially or be rapidly aggravated after suppression of thyroid 
function by thyroidectomy or other means. It may vary considerably in severity. 
The severest form may present progressive edema of the lids, conjunctival chemo- 

From the Department of Ophthalmology and the Endocrine Section of the Medical Clinic, 
Hospital of the University of Pennsylvania. 

Submitted by Dr. Hedges in partial fulfillment of the requirements for the degree of Master 
of Medical Science, University of Pennsylvania, Graduate School of Medicine. 

1. Means, J. H.: The Thyroid and Its Diseases, Ed. 2, Philadelphia, J. B. Lippincott 
Company, 1948, p. 292. 
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sis, immobility of the globe, exposure of the cornea, and loss of vision from protru- 


sion of the globe, with keratitis, glaucoma, panophthalmitis, and retinal detachment 
or optic neuropathy. 
CLINICAL RESUME 

The 19 patients included in this report were selected because they presented 
severe or progressive ocular signs and symptoms which dominated the clinical pic- 
ture. Seventeen were followed for periods of two vears or longer; 8, for more than 
six years. All measurements were made with the Hertel exophthalmometer, but not 
by the same observer. 


Taste 1.—Thyroid Status of Nineteen Patients with Hyperophthalmopathic Graves's Disease 


Sex Age Golter 
No. of Range, ~ 
Groups Patients Nodular Diffuse None 
Moderate to severe thyrotoxicosis (BoM R 


above . 


Mild thyrotoxicosis R. less than 

Euthyroid (normal basal metabolic rate)... 
Hypothyroid 


Total 


Tarte 2.—Ocular bindings at Onset of Exophthalmos 


No. of Patients 
Asymmetrical * proptosis ne ‘ 9 
Symmetrical proptosis .. lo 


Congestive sigos present... 
Without corneal involvement 
With corneal involvement 

Congestive signs absent... 


Limitation of extraceular movement 
Residual muscle weakness........... 
Limitation of extraocular movement absent 


Decreased visual acuity (2 with visual fleld changes).. 
With corneal involvement 
Without corneal involvement 


\ difference of more than 3 mim, in exophthalmometer readings 


The patients were divided into four groups (Table 1) according to the state of 
thyroid function when exophthalmos was first noted. Fourteen, or 74%, mani- 
fested initially some degree of thyrotoxicosis. Two of the four euthyroid patients 
may have been previously thyrotoxic. One patient remained hypothyroid 
throughout. 

The majority of patients showed a spontaneous onset of exophthalmos in the 
presence of an increased basal metabolic rate, enlargement of the thyroid gland, and 
other clinical signs of thyrotoxicosis. There was no apparent relation between the 
severity of the ophthalmopathy and the level of thyroid function. Proptosis was 
symmetrical in 10 patients and asymmetrical (a difference of 3 mm. or more) in 9 
patients at onset (Table 2). Congestive signs were present without corneal damage 
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in seven patients (379% ) and with corneal damage (1. e., secondary to exposure) 


in four (21%). Eight patients (42%) showed no congestive signs at any time. 


Limitation of ocular movement was noted at the time of first examination in 11 
patients (58% ). Limitatior of movement was most marked in upward and outward 
gaze, though many patients showed equal limitation in all directions. Six patients in 
this group were left with residual extraocular muscle weakness when the ophthal- 
mopathy became stationary. “They had all presented severe congestive signs when 
first seen. 


Fig. 1—Central fields in a case of exophthalmos with visual acuity reduced to 20/400. Later, 
papilledema developed in the right eye. 


Fig. 2.—Patient at onset of exophthalmos, when visual field changes were evident (hig. 1). 


Seven patients suffered some loss of visual acuity. In three vision was reduced 
to finger counting or perception of hand movements. In all seven, however, there 
was notable eventual recovery of vision. Two of these patients showed central vis- 
ual field defects indicative of optic nerve fiber bundle damage (Fig. 1). In three 
patients corneal involvement caused visual impairment; in two no cause was dem- 
onstrable. None had permanent loss of vision which could be attributed to the oph- 
thalmopathy itself. 
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In 16 of the 19 patients exophthalmos attained its maximum (Table 3) in 
periods varying from 4 to i2 months. For the remaining three patients reliable 
information was lacking. 

In eight patients recession, varying from 3 to 7 mra., occurred in from one to 
six years (average, four years). In those patients who showed significant recession 
of exophthalmos such recession began from one to three years after maximal exoph- 
thalmometer readings were noted. No patient showed a return to so-called nor- 
mal levels. 


In 11 patients (37%) no significant recession from maximum levels occurred 
during the period of observation (2 to 12 years). Improvement in the patients’ 
appearance occurred in most instances despite persistence of maximal proptosis. 


Taste 3.—Course of Ophthalmopathy 


No. of Patients 
Time from onset to maximum exophthalmos 
412 mo. . 


Unknown 


Duration of congestive signs 
2-6 mo 
7-12 mo 


Unknown . 


Degree of recession of exophthalmos 
34 mm. over 1-4 yr 8 


No recession 


‘This improvement was attributed to a regression of congestive, inflammatory, and 


sympathicotonic phenomena, which usually occurred within 6 to 12 months. 

When progressive, the hyperophthalmopathic syndrome generally tended to 
become stabilized in from 4 to 12 months, after which the inflammatory, congestive, 
and sympathicotonic manifestations tended to regress and the proptosis either 
remained stationary or gradually receded. 

Although the majority of the patients showed some degree of thyrotoxicosis 
(‘Table 4), with the onset of the ophthalmopathy there was no significant difference 
in the course of the exophthalmos in those patients with high metabolic rates and in 
those with normal or low metabolic rates. Likewise, there was no apparent cor- 
relation between the course of the ophthalmopathy and that of the thyrotoxicosis. 
Thirteen patients (70%) showed thyroid enlargement when first examined. In 
four of these the enlargement represented postoperative recurrence or persistence. 

The ophthalmopathy appeared in one patient 22 years after subtotal thyroidec- 
tomy. In four patients partial or subtotal thyroidectomy was performed after the 
onset of ophthalmopathy without aggravation of the ocular manifestations. In one 
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patient preexisting minimal ophthalmopathy became severely aggravated within 
two months after thyroidectomy. In three patients ocular signs appeared for the 
first time at intervals of 3, 6, and 24 months, respectively, after thyroidectomy. 


‘There was no evidence that thiouracil derivatives aggravated the ophthalmo- 
pathic phenomena in any of the thyrotoxic patients. 


TREATMENT 
Antithyroid Treatment.—Seven of the 19 patients received thiouracil com- 
pounds and stable iodine over long periods. When the metabolic rate returned to 


TaBLe 4.—Data on Fourteen Patients with Thyrotoxicosis and Hyperophthalmopathic Graves’s Disease 


Follow- 
Dura- Treatment Up Onset of Exophthalmos 
tion, Period, in Relation to 
Patient Yr. Medical Surgical Results Yr. Thyrotoxicosis 


1 4 Continuous thiouracil None B. M. R. controlled 6 6 mo. after thyro- 
toxicosis 
2 3 Thiouraell, iodine, and None Partial control 8 9 mo. after thyro- 
PHPP *; pituitary toxicosis 
irradiation 


Thiouracil, iodine; Later Normal B, M. R. 21 mo. after thyro- 
pituitary irradiation toxicosis 


Thiouracil; thyroid None Normal B. M. R. With onset of thyro- 
and pituitary irradi- toxicosis 
ation; iodine 


Thiouracil and iodine; None Normal] B. M. R. 9 mo. after thyro- 


pituitary toxicosis 
irradiation 


Thiouracil; pituitary 
and thyroid irradia- 
tion; iodine 

Thiouracil and lodine; 
pituitary irradiation 

Iodine 


Iodine; pituitary 
irradiation 


lodine 


Thyroid and estrogen; 


pituitary irradiation 
Thiouracil, 
iodine; pituitary 
irradiation 
Thyroid and pituitary 


None 


Previous 
thyroidectomy 
Subtotal 
thyroidectomy 
Partial 
thyroidectomy 
Subtotal 
thyroidectomy 


Partial 
thyroidectomy 


Thyroidectomy, 
6 yr. previous 


None 


Normal B. M. R. 


B. M. R. still in- 
creased (1946) 


Normal B. M. R. 
Normal B. M. R. 


Normal B. M. R.; 
transient hypo- 
metabolism 


Normal B. M. R. 


Not removed until 
after use of 


Normal B. M. R. 


Acute onset with 
thyrotoxicosis 


2 yr. after thyro- 
toxicosis 


Simultaneous 


6 mo. after thyro- 
toxicosis 

Mild, then markedly 
aggravated 1 mo. 
after operation 

3 yr. before thyro- 
toxicosis 

3 mo. after thyrold- 
ectomy 


Simultaneous 


irradiation; iodine 
Pituitary and thyroid 


Thyroidectomy 
irradiation 


Normal B. M.R 
* Parahydroxypropiophenone 


normal, there was no increase in ophthalmopathy. In four patients partial thyroi- 
dectomy was done in the presence of exophthalmos with no subsequent exacerbation 
of the ophthalmopathy. Thus, treatment of thyrotoxicosis in 11 patients caused no 
significant exacerbation of the ocular syndrome. In addition, it was evident that no 
direct correlation existed between recession or stabilization of the ophthalmopathy 
and control of the thyrotoxicosis. 

One patient was treated with parahydroxypropiophenone for four months, with 
no effect on the exophthalmos. 

Antipituitary Treatment—Nine of the 19 patients received desiccated thyroid 
and diethylstilbestrol over long periods. No correlation between this treatment and 
the course of the ophthalmopathy was ohserved. Some of the patients treated early 
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continued to get worse, and those treated after exophthalmos was established gradu- 
ally stabilized in about the same period of time as the patients treated by other 
means. 

kighteen patients received radiation to the pituitary. Fifteen received one 
course, consisting of 700 to 1,500 tissue r, given within 10 to 30 days. Three patients 
reecived two courses of treatment, the interval between courses varying from two 
to five months. 

In five patients treated during the progressive phase of the ophthalmopathy the 
exophthalmos increased by 2 to 4 mm. during the next four to six months. In two 
patients treated during this phase of the disease there was a 2 mm. decrease in 


exophthalmos within six months after treatment was completed. Seven patients 
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Fig. 3.—Record of exophthalmos in Case 1 (Hertel exophthalmometer), basal metabolic rate, 
and periods of antithyroid (thiouracil) treatment. 


were treated by pituitary irradiation after exophthalmos had attained maximum 
levels. In tive patients no recession was noted for the remainder of the period of 
observation. In two patients a recession of 3 mm. was noted within 12 months. The 
remaining four patients were treated after the exophthalmos had been stationary for 
2 to 12 years, with no subsequent recession. 

Thus, of the 18 patients treated by pituitary irradiation, there was a significant 
recession in exophthalmos in only 2. Both these patients alsc received desiccated 
thyroid over prolonged periods. Seven patients showed gradual decrease in con- 
gestive ocular signs within four to six months. In five of these patients treatment 
was given aiter the ophthalmopathy had been present for a considerable period 
(six to eight months). It is possible that a spontaneous regression in congestive 
signs could explain this apparent improvement. 
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Local Treatment.—In three patients with exposure keratitis, tarsorrhaphy was 
performed, with benefit. Often the use of artificial tears (methylcellulose) prevented 
drying of the cornea. Antibiotics were used locally to control secondary infection, 


Decompression of the orbit was performed in one case. Although there was a 
decrease in the exophthalmos after operation, proptosis returned to previous levels 
within a few months. 

Nine patients were subjected to subtotal thyroidectomy. In four, with preexist- 
ing ophthalmopathy, no postoperative exacerbation occurred. In four other patients 
ophthalmopathy first appeared 2 to 24 months after thyroidectomy. In only two did 
the onset or aggravation of ophthalmopathy seem related to thyroidectomy. Never- 
theless, we believe that subtotal thyroidectomy or the production of hypothyroidism 
by other means should be avoided in the presence of severe or progressive ophthal- 
mopathy. 

COMMENT 

Numerous theories have been advanced to explain the etiology and pathogenesis 
of hyperophthalmopathic Graves’s disease. Ginsburg? in 1939, reviewed in detail 
13 theories of pathogenesis which had been proposed since 1834, by 46 authors. 
For a discussion of these hypotheses the reader is referred to the reviews by 
Woods,* Brain and Turnbull,!’ Means,’ Friedgood,® Dobyns,’ and Mulvany.* 

At present there are two principal schools of thought. The chief proponent of 
the first, or “dualistic,” school is Mulvany.* .\ccording to his concept, exophthalmos 
is divided into the thyrotropic and the thyrotoxic form. ‘The former is believed to 
result from the action of an anterior pituitary hormone upon the extraocular muscles 
and other retrobulbar tissues of the orbit, producing edema, cellular infiltration, 
fibrosis, and pseudohypertrophic muscular changes. Interference with venous and 
lymphatic drainage is believed to cause the edema and congestion of the lids and 
conjunctiva. This form is thought to be encountered with relative frequency in 
middle-aged men and to develop oftenest in mild thyrotoxicosis or after thyroidec 
tomy. The thyrotoxic form is marked by proptosis and lid retraction, with minimal 
congestive phenomena, and is associated with thinning and degenerative changes 
in the extraocular muscles. It is believed to result from the sympathicotonic and 
myopathic effects of excess thyroid hormone, usually to accompany moderate or 
severe thyrotoxicosis, and to be arrested or relieved after thyroidectomy. 

2. Ginsburg, S.: Postoperative Progressive Exophthalmos, with Low Basal Metabolic Rate, 
Ann. Int. Med. 13:424 (Sept.) 1939. 

3. Woods, A. C.: Ocular Changes of Primary Diffuse Toxic Goiter: Review, Medicine 
25:113 (May) 1946. 

4. Brain, W. R., and Turnbull, H. M.: Exophthalmic Ophthalmoplegia, with Pathological 
Report on Ocular Muscles and Thyroid Glands, Quart. J. Med. 7:293 (April) 1938 

5. Means, J. H.: Nature of Graves’ Disease with Special Reference to Its Ophthalmic 
Component, Am. J. M. Sc. 207:1 (Jan.) 1944. 

6. Friedgood, H. B.: Clinical Applications of Studies in Experimentally Induced Exophthal- 
mos of Anterior Pituitary Origin, J. Clin. Endocrinol. 1:804 (Oct.) 1941. 

7. Dobyns, B. M.: Present Concepts of Pathologic Physiology of Exophthalmos, J. Clin. 
Endocrinol. 10:1202 (Oct.) 1950. 

8. Mulvany, J. H.: The Exophthalmos of Hyperthyroidism, Am. J. Ophth. 27:589 (June) : 
693 (July) ; 820 (Aug.) 1944. 


| 


486 M. ARCHIVES OF OPHTHALMOLOGY 


The second, or “unitarian” school, represented by the views of Means,’ Rundle,* 
Rundle and Pochin,’® and others, maintains that there is but one pathogenic mech- 
anism and that differences in the clinical picture are quantitative rather than quali- 
tative. According to this view, the action of one or more anterior pituitary hormones 
causes an increase in the retrobulbar tissue mass of the orbit as ‘a result of edema 
and infiltration with fat, macrophages, and lymphocytes, with subsequent fibrosis 
and thickening of the extraocular muscles. The mechanism by which these changes 
are produced remains obscure. Most investigators believe that the thyrotropic hor- 
mone is a major factor, but Jefferies '' believes that this hormone plays, at most, a ° 
minor role. 
Our experience suggests that the hyperophthalmopathic syndrome may best be 
regarded as a clinical spectrum, ranging from simple proptosis and lid retraction 
to the most severely progressive forms, with congestive phenomena and visual loss. 
setween these two extremes may be seen many variations in severity, clinical fea- 
tures, and natural history. We are unable to correlate the onset, severity, or clinical 
course with the presence of thyroid dysfunction, type of goiter, or the clinical course 
of thyrotoxicosis, when present (see case protocols). Our experience does not 
justify the division of the syndrome into the so-called thyrotropic and thyrotoxic 
forms, despite the undoubted occurrence of wide clinical variation. Nevertheless, 
subtotal thyroidectomy or marked suppression of thyroid function by other means 
seems inadvisable in the presence of severe or progressive ophthalmopathy. The 
relatively high incidence of the syndrome in males previously reported was reflected 
in our experience, 
We have been impressed by the trequent occurrence of diabetes mellitus in 
thyrotoxic patients with severe ophthalmopathy (4 of 14 in our series). We have 
also been impressed by the frequency of allergy in such patients and the need for 
further study of this relationship. This, together with the frequent marked asym- 
metry and occasional complete unilaterality of the exophthalmos, raises the question 
of local orbital tissue hypersensitivity (perhaps to a pituitary hormone) as a pos- 
sible pathogenic factor. Such a hypothesis would involve the relatively unexplored 
field of endogenous autosensitivity. Several reports suggest the possibility of hyper- 
sensitivity to foreign protein or steroid hormones.'*  Zondek, Bromberg, and 
Landau '** observed positive skin reactions to testosterone in patients with keratitis 
rosacea, who improved after hyposensitization. A study of sensitivity to thyrotropin 
and other anterior pituitary hormones would be of interest in patients with hyper- 
ophthalmopathic Graves’s disease. 


9. Rundle, F. F.: Development and Course of Exophthalmos and Ophthalmoplegia in - 
Graves’ Disease with Special Reference to the Effect of Thyroidectomy, Clin. Sc. 5:177 (Dec.) 
1945, 

10. Rundle, F. F., and Pochin, FE. E.: Orbital Tissues in Thyrotoxicosis: Quantitative 
Analysis Relating to Exophthalmos, Clin. Sc. 5:51 (Aug.) 1944. 

11. Jefferies, W. M.: Personal communication to the authors. 

12. (a) Phillips, E. W.: Clinical Evidence of Sensitivity to Gonadotropins in Allergic 
Women, Ann. Int. Med. 30:364 (Feb.) 1949. (b) Heckel, G. P.: The Problem of Allergy to 
Steroid Hormones, J. Clin. Endocrinol. 9:681 (July) 1949. (c) Zondek, B.; Bromberg, Y. M., 
and Landau, J.: Treatment of Keratitis Resacea with Small Doses of Testosterone, Nature, 


London 159:171 (Feb. 1) 1947. 
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Evaluation of therapy in hyperophthalmopathic Graves’s disease is hampered by 
the tendency to spontaneous remissions and exacerbations and by the lack of control 
studies. Measures directed toward pituitary inhibition cannot be expected to pro 
duce improvement in long-standing cases associated with irreversible fibrosis of the 
orbital tissues. Therapeutic agents may be divided ‘nto three groups: (a@) measures 
designed to protect the cornea and to reduce congestion and edema; (>) surgical 
procedures designed to decompress the orbit, and (¢) measures directed toward 
inhibition of anterior pituitary function. The first group includes various types of 
tarsorrhaphy, resection of redundant conjunctiva, orbital irradiation, ins illation of 
emollients or antibiotics, postural drainage during sleep, and use of diuretics. The 
second group includes such surgical procedures as the Natiziger operation (unroof- 
ing the orbit), trephining the lateral wall of the orbit, or decompression of the 
orbital floor through the ethmoid cells. The third group includes pituitary irradia- 
tion or cauterization, and administration of estrogens, androgens, corticotropin, 
cortisone, desiccated thyroid, stable iodine, and parahydroxypropiophenone. Other 
agents which have been employed include vasopressin, ergotamine, vitamin E, and 
physostigmine. Our own therapeutic experience certainly justifies no conclusions. 
Most of our patients received more than one form of treatment. The effects of 
pituitary irradiation are uncertain. Beierwaltes '* and Hermann '' have reported 
encouraging improvement in small series of cases, but it is still not clear whether 
external irradiation in clinically practicable doses exerts any effect upon the function 
or structure of the non-neoplastic pituitary. Kelly and his associates '* were unable 
to demonstrate any histologic change in the pituitary of incurable cancer patients 
who received up to 10,000 r two months before death. Despite the enthusiastic 
claims of the French '® concerning the etfect of parahydroxypropiophenone, we have 
observed no benefit from its use."? 

Our present therapeutic policy included the use of stable iodine and desiccated 
thyroid and, in selected progressive cases, pituitary irradiation. Local measures are 
employed when indicated, and patients are advised to sleep with the head and shoul- 
ders elevated. We consider surgical decompression of the orbit a measure of last 
resort. We are in agreement with the view of Falconer and Alexander '* that 


“malignant exophthalmos” (hyperophthalmopathic Graves’s disease) is essentially 


a self-limiting process and that the results of therapy are difficult to interpret because 
of spontaneous fluctuations. 

13. Beierwaltes, W. H.: Irradiation of the Pituitary in the Treatment of Malignant 
Exophthalmos, J. Clin. Endocrinol. 11:512 (May) 1951. 

14. Hermann, K.: Pituitary Exophthalmos: An Assessment of Methods of Treatment, 
Brit. J. Ophth. 36:1 (Jan.) 1952. 

15. Pituitary Irradiation in Malignancy, Editorial, J. A. M. A. 147:666 (Oct. 13) 1951. 

16. Lacassagne, A.; Chamorro, A., and Buu-Hoi, N. P.: Sur quelques actions biologiques 
de la 4-hydroxypropiophénone, Compt. rend. Soc. biol, 144:95, 1950. 

17. Brady, R. O., and Hedges, T. R., Jr.: Lack of Effeet of Para-Hydroxy-Propriophenone 
in Hyperophthalmopathic Graves’ Disease and Diabetes Mellitus, J. Clin. Endocrinol. 12:604 
(May) 1952. 

18. Falconer, M. A., and Alexander, W. S.: Experiences with Malignant Exophthalmos: 


Relationship of Condition to Thyrotoxicosis and to Pituitary Thyrotropic Hormone, Brit. J. 
Ophth. 35:253 (May) 1951. 
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SUMMARY 
The clinical picture and theoretical aspects of hyperophthalmopathic Graves’s 
disease are briefly reviewed. 

Data pertaining to 19 patients, followed for periods up to 20 years, are pre- 
sented, Our experience failed to indicate a relationship between the onset and course 
of the ophthalmopathic phenomena and those of associated thyroid dysfunction. 
Xxophthalmos tended to stabilize or regress after attaining maximal levels in from 
4 to 12 months. Congestive phenomena tended to recede after attaining a maximum, 
with no apparent relation to therapy. 

The relation between the ocular manifestations and those of thyroid dysfunction 
is discussed, and it is concluded that the separation of exophthalmos into’ the 
so-called thyrotropic and thyrotoxic types is not tenable. 

The possible role of orbital tissue hypersensitivity in the pathogenesis of the 
hyperophthalmopathic phenomena of Graves's disease is suggested. 

Various methods of treatment are reviewed, and the difficulty of evaluating their 
effectiveness is mentioned, 


CASE PROTOCOLS OF 


FOURTEEN 


PATIENTS WITH 
AND OPH THALMOPATHIC 


THYROTOXICOSIS 
PHENOMENA 


Case. LW. B., a man aged 68; slight diffuse goiter; follow-up period of six years. 

Exophthalmos appeared six months after thyrotoxicosis, with an increase of 13 mm. in one 
year. In the next four years there was a gradual recession of 4 mm. in the exophthalmos, while 
thyrotoxicosis was controlled with thiouracil, iodine, thyroid, and estrogen. Diabetes appeared 
as thyrotoxicosis subsided. Death from myocardial infarction occurred after two years in 
remission without therapy 

Case 2.—Ca. a woman aged 57; slight diffuse goiter; retinal vascular thrombosis, and 
umilateral cataract. Follow-up pertod of three years. 

Exophthalmos, appearing three months after control of thyrotoxicosis by propylthiouracil, 
increased by 4 mm, in the next three months, necessitating tarsorrhaphy. After two years a 
slight recession of the exophthalmos and a marked regression of the congestive signs occurred. 
Treatment was with propylthiouracil, methimazole, parahydroxypropiophenone, iodine, estrogen, 
and pituitary irradiation, The diagnosis was “brittle” diabetes with marked amelioration after 
control of thyrotoxicosis. 

Case 3.—Cl. P., a woman aged 53; large multinodular goiter; follow-up period of 3% years. 

Exophthalmos appeared 15 months after onset of mild) thyrotoxicosis. Congestive signs 
progressed, requiring tarsorrhaphy seven months after onset of the exophthalmos. Thyro- 
toxicosis subsided, but the goiter grew larger and more nodular, requiring partial thyroidectomy 
Il months after tarsorrhaphy. There was ultimate recession of 5 mm. in the exophthalmos with 
disappearance of congestive signs. Treatment included use of thiouracil and iodine during 
toxicity, and irradiation of the pituitary. 

Case 4.—J. I, a woman aged 37; slight diffuse goiter; follow-up period of seven years. 
Exophthalmos coincided with the onset of thyrotoxicosis. For the first 15 months mild 
congestive signs and exophthalmos persisted, with an increase in the latter of 3 mm. Thyro- 
toxicosis Was incompletely controlled during this time, but permanent remission appeared after 
29 months. Exophthalmos remained maximal for five months and then receded to the original 
level of 25 mm., where it remained. Treatment included administration of iodine, thiouracil, 
thyroid, and estrogen and irradiation of the thyroid and pituitary. 
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Case 5.—B. S., a man aged 47; slight diffuse goiter; follow-up period of four and a half 
yeurs. 


Exophthalmos appeared four months after thyrotoxicosis. Exophthalmos and congestive 
signs increased during the next i0 months. Congestive signs then subsided, and exophthalmos 
receded after five months to the level at onset, where it remained. Thyrotoxicosis improved 
after the first two months and remained in full remission after 18 months. Treatment included 
use of propylthiouracil, estrogen, iodine, thyroid, and I'*! and irradiation of the pituitary. 

Case 6.—A. B., a man aged 47; slight diffuse goiter; follow-up period of four years. 

There were acute simultaneous onset of exophthalmos and severe thyrotoxicosis. The latter 
was incompletely controlled for 18 months before entering sustained remission. Exophthalmos 
was stationary for 11 months and then increased by 4 mm. coincident with aggravation of con- 
gestive signs. Thereafter congestive signs disappeared, but exophthalmos remained at or near 
maximum. 

Case 7.—kK. B. M., a woman aged 31; moderate diffuse goiter (postoperative recurrence); 
follow-up period of three years. 

The history suggested coincidental onset of thyrotoxicosis and exophthalmos. Recurrent 
thyrotoxicosis followed partial thyroidectomy two years previously. Thyrotoxicosis was con- 
trolled, but the patient was toxic when last seen. Exophthalmos increased 5 mm., to a maximum 
of 27 mm., during the first remission and did not regress subsequently despite variations in 
thyrotoxicosis. Congestive signs remained moderate to severe throughout. ‘Treatment included 
use of thiouracil, iodine, and estrogen and pituitary irradiation. There was localized pretibial 
myxedema. 

Cast 8.—k. W"., a woman aged 44; moderate diffuse goiter; follow-up period of seven years. 

Exophthalmos probably appeared before thyrotoxicosis. xophthalmos increased slightly 
during intermittent treatment with iodine and estrogen, but six and one-half years after thyroid- 
ectomy no congestive signs were present, and exophthalmos had increased only 1 mm. Treat- 
ment included use of iodine and estrogen and thyroidectomy. 

Case 9.—M. H., a woman aged 44; mild toxic nodular goiter (solitary nodule); follow-up 
period of 10 years. 

Exophthalmos appeared six months after onset of mild) thyrotoxicosis. Thyrotoxicosis 
responded promptly and permanently to use of iodine. A’ solitary colloid nodule was later 
excised. Exophthalmos and orbicular edema increased for four months after remission of thyro- 
toxicosis, accompanied by central scotomata and reduced visual acuity. The condition was 
stationary for eight months, followed by progressive improvement, with reduction of 7 mm. in 
exophthalmos, recovery of normal vision, and disappearance of all congestive signs. Exoph 
thalmos has remained 3 mm. below the first recorded level. Treatment included use of iodine 
and estrogen, excision of the thyroid nodule, and pituitary irradiation 

Case 10.—E. B., a man aged 33; moderate toxic diffuse goiter; follow-up period of eight and 
one-half years, 

The relation of onset of thyrotoxicosis to that of the ocular signs is uncertain. Prompt 
remission of thyrotoxicosis followed thyroidectomy, the basal metabolic rate remaining normal 
or subnormal thereafter. Congestive signs and exophthalmos were greatly aggravated 18 months 


after thyroidectomy, requiring tarsorrhaphy. Thereafter congestive signs gradually improved, 


but exopthalmos remained maximal. Treatment included thyroidectomy ; use of iodine, thyroid, 
and estrogen; tarsorrhaphy, and pituitary irradiation. Personality and emotional maladjustment 
Was prominent. Colectomy was done for multiple polyposis after thyroidectomy. 

Case 11.—?/. Mc.C., a woman aged 20; mild recurrent postoperative thyrotoxicosis; diabetes, 
poorly controlled. Follow-up period of 20 years. 

Exophthalmos had onset three years before thyrotoxicosis. A remission of severe thyro- 
toxicosis followed a two-stage thyroidectomy. Seven years later mild thyrotoxicosis recurred, 
with moderate persistent exophthalmos and congestive signs. Thyrotoxicosis was in remission 
in six months. Exophthalmos increased slightly during a period of 18 months, then receded 
slightly, and persisted. Treatment included thyroidectomy, use of thyroid and estrogen, and 
pituitary irradiation. 
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Case 12.—J. B., a woman aged 27 ; recurrent postoperative thyrotoxicosis; follow-up period 
of three years. 

Onset of exophthalmos three months after subtotal thyroidectomy six years previously. 
Thyrotoxicosis was in remission three months after administration of I'*! followed by iodine, 
but severe exophthalmos apd congestive signs persisted, with transient corneal ulceration. Treat- 
ment included use of I'*!, iodine compounds, thyroid, and estrogen and pituitary irradiation. 

Case 13.—L. S., a girl aged 9 years; toxic diffuse goiter; follow-up period of 10 years. 

Onset of moderate exophthalmos and severe congestive signs preceded mild toxicity and 
diffuse enlargement of the thyroid. Thyrotoxicosis was in sustained remission after three years’ 
treatment with iodine and thyroid irradiation. Exophthalmos increased to maximum during 18 
months and has persisted, with only slight recession, while congestive signs progressively 
improved, Exophthalmometer readings should be considered in relation to the patient’s growth. 
Treatment included use of iodine and irradiation of the pituitary and thyroid. 

Case 14.—U. K., a man aged 65; toxic diffuse goiter, with carcinoma, diabetes, and pros- 
tatism; follow-up period of two years. 


The patient had a history of coincidental onset of exophthalmos and thyrotoxicosis 19 years 
earlier. Thyrotoxicosis persisted for 14 months after pituitary irradiation; it then entered 
remission after thyroidectomy for carcinoma, localized in the right lobe of the thyroid. Exoph- 
thalmos increased after partial thyroidectomy and then receded to the initial level. Congestive 
signs improved after pituitary irradiation, while the patient was still thyrotoxic, but increased 


after thyroidectomy and postoperative thyroid irradiation. ‘Treatment included irradiation of 
the pituitary and thyroid and partial thyroidectomy. 
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RESPIRATION OF THE CILIARY PROCESSES 


ANDREW deROETTH Jr., M.D. 
NEW YORK 


HE BRILLIANT pioneering work of Friedenwald' demonstrated that the 

aqueous humor of the eye is partly a secretion and that the active process 
responsible for this secretion is located mainly in the ciliary body. Some of the 
secretory glands in the body, such as the salivary glands, are known to respond when 
stimulated with certain autonomic drugs. Deutsch and Raper,? and also Brock and 
associates,* have reported that the submaxillary glands of cats showed an increased 
outpouring of saliva when the animals were given acetylcholine, physostigmine, 
pilocarpine, or epinephrine. This is paralleled in vitro by an increased oxygen uptake. 
Therefore they postulated a “stimulation metabolism,” according to which the exci- 
tation of the salivary glands by the autonomic drugs would result in an increased oxi- 
dative metabolism concurrent with the increased flow of saliva. Since riedenwald’s 
experiments have shown that the ciliary body is a secretory organ, it was thought of 
interest to investigate the role of this “stimulation metabolism” in the ciliary body. 
Furthermore, since the same autonomic drugs that cause such increased secretory 
activity in the salivary glands are also employed in the treatment of glaucoma, and 
the ciliary body itself is believed to be involved to some extent in the pathogenesis 
of glaucoma, this problem should be of interest. In conjunction with this, the experi- 
mental conditions that influence the oxygen uptake of the surviving ciliary body were 
examined, particularly since Brock, Druckrey, and Herken * reported that certain 
ions, especially K* and Cat +, are necessary to elicit this “stimulation metabolism.” 
There are only a few reports in the literature concerning the respiration of the ciliary 
body. Besides the pioneering work of Friedenwald, who demonstrated an active 
oxidative metabolism in the ciliary epithelium, one of the recent papers by Bruck- 
ner * deals with this problem. In it he reports an active oxygen uptake of the 

This study was supported by the Sloan Glaucoma Fund. 

From the Institute of Ophthalmology of the Presbyterian Hospital. 


1. Friedenwald, J. S.: The Formation of the Intraocular Fluid: Proctor Award Lecture 


of Association for Research in Ophthalmology, Am. J. Ophth. 32:9 (June, pt. 2) 1949, 

2. Deutsch, W., and Raper, H. S.: Respiration and Functional Activity, J. Physiol. 87:275, 
1936; The Respiration and Metabolism of Submaxillary Gland Tissues of the Cat, ibid. 92:439, 
1938. 

3. Brock, N.; Druckrey, H., and Herken, H.: Untersuchungen uber “Glycolyse,” Biochem. 
Ztschr. 300:1, 1938. Brock, N., and Druckrey, H.: Uber die Bedeutung der Ringerlésung, 
Arch. exper. Path. u. Pharmakol. 193:609, 1941. Brock, N.; Druckrey, H., and Herken, H.: 
Die Bedeutung des Kaliums fiir lebende Gewebe, Biochem. Ztschr. 302:393, 1939. 


4. Briickner, R.: Uber Atmung und anaerobe Glykolyse in Geweben der Rinderuvea, Oph 
thalmologica 109:19, 1945. 
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dissected ciliary processes. In an attempt to increase our knowledge on these aspects 
of ciliary body metabolism, the following study was undertaken.° 


EXPERIMENTAL INVESTIGATION 


Eight hundred beef eyes, obtained fresh from the slaughterhouse, were used in this investiga- 
tion. The eyes reached the laboratory approximately within three hours after the death of the 
animal. The ciliary body was dissected according to the method described by Herrmann and 
Friedenwald,® which allows the separation of the ciliary processes from the rest of the ciliary 
body. The cleavage of the ciliary body takes place in the layer of the large blood vessels, whereby 
one obtains strip of ciliary process 6 to 8 em. long with some underlying stroma. The wet ° 
weight per beef eye was found to be about 200 to 300 mg. The remainder of the ciliary body, 
i. ¢., more stroma and the ciliary muscle, is discarded. Since the stroma of the ciliary body is 
composed mostly of relatively inactive tissue, it was assumed that most of the metabolic activity 
takes place in the ciliary epithelium. This is especially true of the oxidative processes as 
demonstrated by Friedenwald and associates.* The dissected strip of ciliary processes was then 
cut up into smaller pieces, usually into quarters, to prevent folding; all this time the tissues were 
kept chilled. 

Wet weights were then determined, and the tissue, obtained from either a half or a whole 
ciliary body, was placed in specially constructed Warburg vessels which had circular, trough 
shaped center wells for the alkali around the side of the vessel, thus leaving the bottom empty. 
This arrangement caused less impact of the tissue against the hard glass surface and thus insured 
the maintenance of a better structural integrity. Otherwise, because of its fragility, the tissue 
would tend to be broken up into smaller fragments during the course of the experiment. The 
experiments were conducted at a temperature of 37 C.; the oxygen uptake was measured with 
the direct Warburg manometric technique, the gas phase in the flasks being either air or 100% 
oxygen. Readings were taken every 15 to 30 minutes over a period of 1 to 2 hours, depending 
on the nature of the experiment. The composition of the fluid medium varied according to the 
experiment, but the total volume of the fluid in the flasks was always 3 ml.; 0.2 ml. of 10% or 
20% KOH was used in the circular trough to absorb the COs, and the pH was determined 
with a glass electrode. The respiratory quotient was measured in a manner similar to the one 


described for the cornea*®; i. e., four Warburg flasks were used for each experiment, one 
quadrant from each of four ciliary bodies being placed in each flask. This method permits the 
measuring of both the “apparent” and the “real” respiratory quotient—in other words, both 
with and without the tissue-bound COs. 

The metabolites were either added to the main compartment of the flask or else tipped in 
from the side-arm at suitable intervals. For prevention of premature oxidation, the epinephrine 
solution was prepared in dilute HCI according te the method of Deutsch and Raper.“ The pH of 
the added metabolites was measured with the glass electrode; when necessary, it was adjusted 
to the pH of the Ringer solution, which was the suspension fluid used in these experiments. 
This procedure prevented the pH from interfering with the effect of the metabolite itself on the 
respiration of the tissue. The effect of cyanide on the respiration was studied with the technique 
described by Robbie, KCN being introduced into the KOH to insure a constant cyanide tension 
in the flask. The dry weight of the tissue was estimated to be 18% of the initial wet weight, 
for control experiments had shown that when fresh ciliary body processes were dried to constant 
weight at 110 C. the dry weight was on the average 18% of the wet weight. The so-called 
final dry-weight measurements were found to be impractical, because some of the ciliary epi- 


5. Dr. Zacharias Dische contributed to this work by suggestions concerning the problem, 
the experimental procedure, and the interpretation of the results, 

6. Herrmann, H., and Friedenwald, J. S.: The Choline Esterase Content of Choroid 
Plexus and Ciliary Processes, Bull. Johns Hopkins Hosp. 70:14, 1942. 

7. Friedenwald, J. S.; Herrmann, H., and Moses, R.: Distribution of Certain Oxidative 
Enzymes in the Ciliary Body, Bull. Johns Hopkins Hosp. 73:421, 1943. 

8. deRoetth, A., Jr.: Respiration of the Cornea, Arch. Ophth. 44:666, 1950. 

9. Robbie, W. A.: Quantitative Control of Cyanide in Manometric Experimentation, J. 
Cell. & Comp. Physiol. 27:181, 1946. 
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thelium flaked off during the course of the experiment and thus the final weight of the remain- 
ing intact tissue did not represent all the tissue placed initially in the flask. The results were 
then calculated in terras of Qv2 units, signifying microliters of oxygen consumed per milligram of 
dry weight tissue per hour. 


TasLe 1.—Oxygen Uptake of Dissected Ciliary Proce of Beef Eyes, Expressed in Micro- 


liters of Oxygen Consumed per Milligram of Dry-Weitght Tissue per Hour* 


Phase 


Oxygen 
Suspension Medium Range Average Range Average 
0.9% NaCl solution..... ee 1.60 1.74-2.34 2.11 
0.9% NaCl + NaHCOs, 4.65 10°9M.. ‘ 00) 1.65 3.20-3.76 3.40 
Ringer’s solution 31-108 1.76 240-280 
Ringer's + NaHCOs, 4.65 10 4M... 712.00 3.00-3,47 
Krebs Ila solution { 39-195 1.75 3.50-4.35 


* Each average value represents at least five beef eyes 
t Krebs II solution has the following composition: 
Parts 
38 
4 a 
3 Ol 
“> KHePOs 1 
? Krebs Ila solution has the following composition: 
1.15% KCl .... 4 
2.11% KHsPO. ..... 1 


2.—Kespiratory Quottent of Dissected Ciliary Pro Solution 


Being Used as Suspension Medium* 


Without Tissue- With Tissue 
Bound COs Bound COs 

1.08 

O78 O08 

OM 1.07 

0.73 O89 

0.68 0.76 

OM 


Average 0.78 0.95 
* Each figure represents four beef eyes. 
RESULTS 
Preliminary experiments demonstrated that the respiration of the ciliary processes 


was constant regardless of the composition of the suspension medium. Because of 
this unexpected finding, it was suspected that some physical factor, such as the 


diffusion of oxygen, might be of importance. In determination of the effect of oxygen 


tension on the respiration of the ciliary processes, alternate sets of Warburg flasks 
were gassed with 100% oxygen, which then proved to be the deciding factor, as 
will be seen shortly. 

Table 1 shows that in air the average Qo. of the ciliary processes was never 
above 2.00, regardless of the composition of the suspension medium. How- 
ever, when 100% oxygen was employed as the gas phase, the respiration increased 


- 
Parts 
Mg8O.-7H20 ....... 1 
M Na phosphate buffer... 3 
3 
% MgSO. -7Hs0 ....... 1 
M Na phosphate buffer. 18 
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considerably, depending upon the suspending medium. Thus, it was noted 


that in Ringer’s solution, e. g., the oxygen uptake was higher than in saline solution, 
and that the addition of a small amount of bicarbonate or phosphate buffer to the 
saline solution yreatly increased the respiration. The latter, of course, illustrates 


HOURS 


Fig. 1.—Effect of 2,4-dinitrophenol on the oxygen uptake of dissected ciliary processes of 
beef eyes in Ringer’s solution, the gas phase being 100% oxygen. The solid line represents 
control values; the line of dashes, values for 2,4-dinitrophenol 10-4 concentration, and the line 
of dots and dashes, the values for 2,4-dinitrophenol 10°°™ concentration. Each line represents at 
least five beef eyes. 


Fig. 2.—Effect of 2,4-dinitrophenol on the oxygen uptake of dissected ciliary processes of 
beef eyes in Ringer's solution, the gas phase being air. The solid line represents control values ; 
the line of dashes, values for 2,4-dinitrophenol 10°°™ concentration; the line of dots and dashes, 
values for 2,4-dinitrophenol 10°°™ concentration, and the line of short dashes, the values for 
2.4-dinitrophenol, 3.5<x10° concentration. Each line represents at least five beef eyes. 
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a pH effect, since the unbuffered saline solution had a pH between 5 and 
6, whereas the addition of bicarbonate or phosphate brought the pH up to the more 
physiological range, 1. €., 7.0 to 7.5. Table 1 also shows that in either isotonic KCI or 


isotonic CaCl, alone, without the presence of Na*, the respiration is depressed both 


OF NORMAL RESPIRATION 


reRCENT 


CONCENTRATION 


Fig. 3.—EFffect of various concentrations of potassium cyanide on the oxygen uptake of 
dissected ciliary processes of beef eyes in Krebs-Ringer phosphate buffer medium, the gas phase 
being air. Each circle represents one beef eye. 


OF NORMAL RESPIRATION 


CENT 


PER 


197°" 197 
Fig. 4.—Effect of various concentrations of potassium cyanide on the oxygen uptake of dis- 
sected ciliary processes of beef eyes in Krebs-Ringer phosphate buffer medium, the gas phase 
being 100% oxygen. Each circle represents one beef eye. 


in air and in 100% oxygen. Brickner * reported a Qoy of about 4.0 for the cili- 
ary processes when the suspending medium was Krebs-Ringer phosphate solu- 
tion and the gas phase was oxygen. This agrees fairly well with our results, 
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considering that he used a slightly different type of dissection technique. He failed 
to note, however, that in air the respiration of the ciliary processes is considerably 
diminished, wherein lies the crux of the matter, as will be explained later. 

Table 2 demonstrates that in air the respiratory quotient of the ciliary processes 
was 0.78 without the tissue-bound CO. and 0.95 with it. 


Chart 1 shows that 2,4-dinitrophenol in small concentrations increases the 


respiration; but that in larger concentrations, it depresses respiration, when 


Taste 3.—Oxygen Uptake of Dissected Ciliary Processes of Beef Eyes, Expressed in Micro- 
liters of Oxygen Consumed per Milligram Dry-Weight Tissue per Hour* 


Gas Phase 
Oxygen 


Suspension Fluid Range Averave Range Average 

Ringer solutions .... 0.30108 165 2.10-2.90 2.56 
Ringer's aecetyleholine ehloride, 6.066 me. /100 4 

physestigmine salicylate, 4 me. 100 ce res 1200 Iso 70-4.30 3.50 
Ringer's solution + epinephrine, 0.36 mg./100 ce. (Supra 

Ringer's solution + pilocarpine hydrochloride, 1.33 me 

09% NaCl solution + acetyleholine chloride, 0.066 me 

ce, + physostigmine salleylate, 4 me./ 140-1 90 


* Fach average value represents at least 10 beef eyes 


ARLI 4 flake of Dissec ted ( tliary Prog of Beef I: Ves, I vpressed Vicro- 
liters of Oxygen Consumed per Milligram Dry-Weight Tissue per Hour* 


Gas Phase 
Oxyren 

Suspension Fluid 1 . Average Ranve Average 

Control ¢ > 2.00 

Na succinate 109M 76-21; “7 346-4.09 3.81 

Na malonate lo-?M ate 2.24-3.23 2.78 
Na succinate 
Na malonate lo-?M. 


Na pyruvate 10°°M 7 2. 74-3.05 2.91 


3.60-4.30 4.07 


Na fumarate lo 52-14 7 3.40 
Na glutamate 10 2.25-3.31 2.93 
Dextrose, 160 mg. 100 ce i 2.65-3.26 2.92 
Nu acetate 104M 1.32-1.60 209-3.50 30 
Na citrate 1.27-1.60 wf 2.85-3.45 3.16 


* Each average value represents at least five beef eyes, the suspension fluid being Ringer's solution. 


the experiment is performed in L0O% oxygen. When the gas phase is air, as noted 
in Chart 2, the depressant action of 2,4-dinitrophenol is still present, but its ability 
to increase respiration in small concentrations can no longer be seen. 

Charts 3 and 4 show that cyanide depresses the respiration of the ciliary processes 
both in air and in oxygen. 

Table 3 demonstrates that in oxygen acetylcholine, in the presence of physostig- 
mine, increased the respiration, while epinephrine and pilocarpine had very little, 
if any, effect on respiration. When the gas phase was air, none of these drugs had 
an effect on the oxygen uptake. In this experiment acetylcholine was tipped in the 
flask from the side-arm and the respiration measured over the first half-hour period. 
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Such short-term experiments are necessary, because the effects of this drug on the 
secretory activity are known to be short-lived, lasting 20 to 40 minutes only. When 
it was used without the presence of physostigmine, the results were less apparent, 
probably owing to its rapid destruction by the cholinesterase known to be present 
in this tissue. Another interesting finding was that the acetylcholiae-physostigmine 
effect was less apparent when the suspension fluid was 0.9% NaCl instead of 
Ringer’s solution. This result agrees with the report of Brock and associates,* who 
found that the presence of Cat +, and especially K+, was necessary to elicit the 
acetylcholine effect in the salivary glands. 

Table 4+ shows that in 100% oxygen a number of metabolites increased the 
respiration while in air none of them affected the oxygen uptake. 


COMMENT 


The most striking result is the finding that whereas in 100% oxygen the respira- 
tion is considerably increased, depending upon the composition of the suspension 
medium or the metabolite added, in air nothing seems to increase the oxygen uptake 
of the ciliary body. Other tissues in the body are known to show a slightly higher 
oxygen uptake in 100% oxygen than in air, but the difference is usually in the order 
of 20 to 40%. None of them show a 100% increase in respiration, as was demon- 
strated in the case of the ciliary processes. It is improbable that this marked etfeet 
could be due to the thickness of the tissue. It has been shown '’ that in manometric 
methods the maximum thickness of the tissue slice could be approximately 0.5 mm. 
The thickness of the dissected ciliary-process strip is, of course, considerably greater 
than this, owing to the connective tissue stroma. The ciliary epithelium, however, 
which is assumed to be responsible for most of the oxidative processes, is only a 
two-cell layer in thickness, and thus the thickness of the tissue should not be a 


limiting factor, On the contrary, it could be argued that the ciliary-process strip 


should be a made-to-order tissue slice. [It has been demonstrated '' repeatedly that 
any damage to tissues, such as slicing, cutting, macerating, or homogenizing, will 
tend to impair their metabolic activity. Thus, the ciliary processes should be ideally 
suited for in vitro studies, since their normal architecture is maintained almost 
intact ; i. e., the active part of the tissue—the epithelial layers—is not damaged during 
the dissection process, and these layers are allowed to remain on their base of con- 
nective tissue stroma. As a demonstration of the importance of maintaining the 
tissue in as normal a condition as possible, control experiments were carried out 
on homogenized ciliary processes. These experiments showed that the homogenates 
had markedly diminished the respiration, both in 100% oxygen and in air, the 
oxygen uptake being only about one-tenth that of the intact ciliary processes. 

A more plausible explanation for this pronounced etfect of oxygen tension on 
respiration may be that the ciliary body supposedly secretes oxygen into the 

10. Fuhrman, F. A., and Field, J., If: Factors Determining the Metabolic Rate of Excised 
Liver Tissue: Effect of Slice Thickness and Tissue Injury on Oxygen Consumption; Effect of 
Glycogen Content on Oxygen Consumption; Effect of Temperature on Oxygen Consumption, 
Arch. Biochem. 6:337, 1945. 

11. Barron, FE. S. G.; Miller, Z. B., and Bartlett, G. R.: Studies on Biological Oxidations : 
Metabolism of Lung as Determined by Study of Slices and Ground Tissue, J. Biol. Chem. 


171:791, 1947. 
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aqueous. Friedenwald and Pierce '* had postulated that in order that the oxygen 
tension in the aqueous should be increased to supply the lens adequately, oxygen 
has to be secreted into the aqueous by the ciliary body. Thus, it is possible that under 
low oxygen tensions, such as that found in air, the active process which tends to 
force the oxygen from the ciliary epithelium into the surrounding fluid will hinder 
the reverse from taking place; i. e., it will impair the diffusion of oxygen into the 
ciliary epithelium from the surrounding suspension fluid. At the same time, the 
relative thickness (1 to 2 mm.) of the underlying connective tissue stroma will 
considerably interfere with the diffusion of oxygen into the epithelial layers from 
the opposite direction, i. ¢., through the stroma. When, on the other hand, the gas 
phase was 100% oxygen, the oxygen tension was high enough to overcome this 
hypothetical diffusion gradient in the epithelial layers, thereby allowing considerable 
respiratory activity. Thus, the amount of oxygen that finds access to the tissue 
becomes the principal rate-controlling factor in the respiration of the ciliary process 
in vitro. 

This hypothesis might explain most of the results shown in the Tables. The 
reason that none of the experimental conditions illustrated above, i. €., various 
suspension fluids, pH effect, buffers, and metabolites, increased the respiration of the 
ciliary processes in air was the fact that at low oxygen tensions this active secretory 
process in the epithelial cells was operating against the route of oxygen uptake, thus 
hindering it. In other words, it can be assumed that in air probably all the oxygen 
which can penetrate to the tissue, even under normal conditions, is consumed. 
Vheretore, if the tissue is called upon to exert an excess oxidative activity, it will 
be able to do so only when its oxygen supply is increased. This, of course, is 
achieved with an increase in the oxygen tension of the gas phase. The ciliary 
processes then reacted in the usual manner seen in most mammalian tissues, inas- 
much as an increase in the pH of the suspension fluid, addition to metabolites (suc- 
cinate, fumarate, ete.), or known metabolic accelerators (small amounts of 2,4 
dinitrophenol) caused a marked increase in the oxygen uptake of the tissue. 

\t the same time, it was noted that the factors, such as higher concentrations 
of 2,4-dinitrophenol, KCI, and CaCl, which depressed the respiration of the ciliary 
processes in L0O% oxygen, also depressed it in air to approximately the same level. 
If the hypothesis put forth above is true, this result should be expected. Since at 
such low levels of respiration probably even air has an adequate oxygen tension, 
the increased oxygen tension obtained when the flasks were gassed with 100% 
oxygen did not cause an increase in respiration, Cyanide depressed the respiration 
of this tissue both in air and in 100% oxygen in concentrations usually employed 
in such experiments. Here, again, one notes that respiration was depressed to 
approximately the same extent both in air and in 100% oxygen. The same enzyme 
system thus appears to be involved under both these experimental conditions. In 
this respect the ciliary body is not unique in its metabolism; in many other tissues 
cyanide inhibits respiration to approximately the same extent both in air and in 
100% oxygen. The results also show that the respiration of the ciliary processes is 
cyanide-sensitive, indicating that it is probably cytochrome-linked. This observation 
agrees with Friedenwald’s work, for he has given us ample evidence of the presence 


of the cytochrome system in the ciliary body. 


12. Friedenwald, J. S., and Pierce, H. F.: The Respiratory Function of the Aqueous, Tr. 
Am. Ophth. Soc. 31:143, 1933. 
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The fact that the respiratory quotient, taking into consideration the tissue-bound 
COz, was 0.95 was not remarkable. It merely indicates that the ciliary process 


probably utilizes mainly carbohydrates for its nourishments, as, of course, do other 


mammalian tissues. .\t the same time, the experiment demonstrates the advisability 


of taking the tissue-bound COs into consideration, since without it the respiratory 


quotient would be considerably lower and would then signify a fat-hbreakdown type 
of metabolism. 


Another significant result is shown in Table 3. Acetylcholine in approximately 


physiological concentrations and in the presence of physostigmine will increase the 


oxygen uptake of the ciliary processes when the experiment is performed in 100% 


oxygen. Since the presence of such a typical “stimulation metabolism” in other 


. tissues usually parallels an increased secretory activity, it can be postulated that the 


same events take place in the ciliary body. One might assume that in the ciliary 


body this effect of acetylcholine on respiration would indicate the presence of an 


active secretory reaction. Thus, the experiment is another indication that the ciliary 


body of the eye is a secretory organ of some sort. 


It is generally believed that the presence of 100% oxygen in the gas phase places 


most mammalian tissues in an unphysiological environment. The results of this 


study, however, would indicate that the ciliary body exhibited a more normal type 


of metabolism in 100% oxygen than in air; thus, it can be assumed that the metabo- 


lism observed under the high oxygen tension probably approximated more closely 


the in vivo conditions. In its natural state in the living eve the ciliary body is 


constantly bathed by the circulating blood stream, which, from the stromal side, 


supplies an adequate amount of oxygen to the ciliary epithelium. In vitro. this 


constant flow of oxygen is considerably diminished ; furthermore, the thickness of 


the connective tissue stroma considerably interferes with the diffusion of oxygen 
through the stroma toward the epithelial layers. Therefore, to obtain an adequate 
amount of oxygen, the oxygen tension of the Warburg flask has to be raised. This, 


in turn, results in a more physiological metabolism, 


CONCLUSIONS 


The excised, surviving ciliary processes of beef eyes were found to show an 


almost 100% increase in respiration when the gas phase was oxygen instead of air. 


It was demonstrated that the composition of the suspension fluid and the metabolites 


added had a pronounced effect on respiration when the gas phase was 100% oxygen. 


In air, however, none of these factors increased the oxygen uptake of the ciliary 


yrocesses. It was assumed that this marked effect of high oxygen tension on 


respiration might be due to the ability of the ciliary body to secrete oxygen. The 


respiratory quotient of the ciliary processes was demonstrated to be approximately 
unity. 
Cyanide was found to inhibit the respiration of this tissue to approximately the 


: same extent in air and in 100% oxygen. 


Acetylcholine and physostigmine caused a considerable increase in respiration, 


indicating the presence of a typical “stimulation metabolism” in vitro. It was 


assumed that, upon addition of acetylcholine and physostigmine, the increased oxygen 


uptake demonstrated in vitro is paralleled in vivo with an increased secretory 


activity. 
635 W. 165th St. (32). 
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GLUCOSE UTILIZATION OF THE RETINA 


Influence of Various Hormones on the Glucose Utilization of the Retina 


WALTER KORNBLUETH, 
ELISHEVA YARDENI-YARON, M.S. 
AND 
ERNST WERTHEIMER, M.D. 
JERUSALEM 


N A PREVIOUS paper! the effects of various media on the glucose utiliza- 
tion of the retina were described. The present report deals with the influence 
of a variety of hormones (in vivo and in vitro) and of endocrine deficiencies on the 
glucose utilization of the retina. The retina of rats is a most suitable tissue for 
experiments on glucose utilization. It is easily removed tm toto with little injury to 
its structure and is thin enough to permit diffusion of oxygen to the cells. In this 
respect it compares well with rat diaphragm. 

It is known that the glucose metabolism of all tissues, with the exception of the 
brain, is either increased or inhibited by alterations of the hormonal balance. The 
brain, under most circumstances, is free of hormonal influence. The results of this 
study indicate that the glucose utilization of the retina is also independent of hor- 
mones both in vivo and in vitro and is not affected by various hormonal deficiency 
states." 


MATERIALS AND METHODS 


Albino male rats, weighing 90 to 120 gm., were employed in all experiments. The technique 


for the determination of glucose utilization of the retina was described in detail in a previous 
paper.' All determinations of glucose utilization of the retina were done on autologous serum 
except for the in vivo experiments with epinephrine and for the in vitro experiments with insulin. 
lor the latter experiments Krebs-Ringer phosphate solution 2 was used because Turkischer 
and Wertheimer ® had demonstrated that the action of insulin in the synthesis of glycogen from 
added glucose was inhibited by the serum. 


This work was supported by a grant from the Ben May Fund 
From the Department of Pathological Physiology of the Hebrew University Medical School, 
and the Department ot Ophthalmology of the Rothschild-Hadassah-University Hospital. 

This paper is part of a thesis to be submitted by Mrs. Yardeni-Yaron to the Hebrew Uni- 
versity, Jerusalem, in partial fulfilment ot the requirements for the degree of Doctor of 
Philosophy. 

1. Kornblueth, W.; Yardeni-Yaron, E.. and Wertheimer, E.: Glucose Utilization of the 
Retina: I, Influence of Various Media, A. M. A. Arch. Ophth. 50:45, 1953. 

la. The hormonal influence on the glucose utilization of various other organs in these 
animals will be reported separately. 


2. As reported previously, the values for glucose utilization of the retina in Krebs-Ringer 
phosphate solution were much lower than those in serum. 

3. Turkischer, F., and Wertheimer, E.: The in Vitro Synthesis of Glycogen in Diaphragms 
of Normal and Alloxan-Diabetic Rats, Biochem. J. 42:603, 1948. 
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In the Table are itemized the treatment given to each group of rats, the dose of hormone, the 
route of adminstration, the duration of treatment, the medium employed, and the number of ani- 
mals in each group. 

There were two groups of rats with alloxan diabetes. In one group the animals had a 
fasting blood sugar below 200 mg. per 100 cc. and the average duration of thetr diabetes was 
64 days. This group is labeled “chronic mild diabetes” in the Table. The second group had a 


Influence of Hormones and Hormonal Deficiency States on Glucose Utilization of the Retina 


Experimental Control 
A 


Glucose Glucose 
Route of Length of No. of Uptake’ No. of Uptake/ 
Treatment Dose Administration Time Medium Animals Retina, Mg. Animals Retina, Mg. 
Thyroxine 0.1% Oral 30 days Autologous ‘ 0.58 ~ 0.085 7 0.49 +> 0.085 
thy roidine serum 
In vitro Autologous 16 0.555 0.04 
serum 
Thyroidectomy wean 24 wk. Autologous 0.06 0.49 0.045 
serum 
Propylthiouraeil ....... O1G Oral days Autologous 0.08 0.38 0.04 
serum 
Insulin 2 units Subcutaneous 2 hr. after Autologous 0.08 0.42 + 0.02 
injection serum 
0.1 unit In vitro aes Krebs-Ringer a 0.08 0.30 + 0.01 
phosphate sol. 
0.5 unit In vitro eee Krebs-Ringer 24 0.085 i 0.245 + 0.07 
phosphate sol 
Alloxan diabetes 
Chronie mild ....... Average Autoserum 2 + 0.08 
days 
18-10) days 
Chronic severe Average Autoserum § 0.06 
72 days 
40-91 days 
Epinephrine 0.08-0.05 Subcutaneous 30 min. Krebs-Ringer $ 0.02 
mg./ 100 gm phosphate sol 
O54 In vitro er Autologous 0.045 
serum 
Arterenol 2 In vitro er Autologous h > 0.05 
serum 
Desoxycorticosterone, 
glucoside In vitro snes Autologous { 0.04 
serum 
In vitro Autologous 0.06 
serum 
Cortisone f Subcutaneous 3-14 days Autologous = 0.04 
serum 
Adrenalectomy ........ 4-lidays Autologous = 0.06 
serum 
Anterior pituitary 
Extract I 10 me. Subcutaneous 3 days Autologous 
serum 
Extract Il 10 me. Subcutaneous 2 days Autologous : ‘ 0.58 
serum 
Hypophysectomy 10 days Autologous 0.58 0.05 
serum 
Castration 30 days Autologous 0.63 
serum 


fasting blood sugar ranging from 200 to 490 mg. per 100 cc. (average, 350 mg.), and the average 
duration of their diabetes was 72 days (labeled “chronic, severe diabetes” in the Table). 

In the cortisone group 2.5 mg. of the hormone was injected subcutaneously on the first day 
and 5 mg. daily thereafter. The rats were killed in pairs 3, 12, and 14 days after administration 
of cortisone. 

Anterior pituitary extract was prepared from the anterior lobe (dried with acetone) by 
extracting for three hours in phosphate buffer at pH 7.4 at 37. C. (Extract 1) and by extracting 
for 24 hours in 0.02 N NH.OH at pH 9 at room temperature (Extract IL). One animal was 


4. These rats were provided by Dr. A. Cohen and Prof. M. Rachmilevitz. 
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given a daily injection of 10 mg. of Extract I for two days and was killed on the third day, and 
three animals were given daily injections of 10 mg. of Extract II and were killed on the 
third day. 

Hypophysectomy was performed by the parapharyngeal approach, and the retina was exam- 


ined 10 days after the operation. 


Castration was done on rats 30 days old (55 to 65 gm.), and the rats were killed 30 days after 
the operation 


RESULTS 

The Table presents a summary of all experiments. 

The thyroxine (Thyroidine) - and propylthiouracil-fed animals showed a slight 
but statistically insignificant increase in the glucose utilization of the retina. Thy- 
roxine in vitro inhibited the glucose uptake of the retina, but the inhibition was 
statistically insignificant. No change in the glucose utilization of the retina was 
noted after thyroidectomy. 

All nine rats given injections of insulin showed the typical signs of hypogly- 
cemia: blood sugar ranging from 9 to 26 mg. per 100 cc., with an average of 
20 mg.; lowered body temperature, and convulsions. The glucose uptake of the 
retina in these animals remained normal and was also normal in the in vitro experi- 
ments with insulin. 

The eyes of the diabetic animals examined in each of the two groups showed no 
external or ophthalmoscopic changes except for occasional cataract. The glucose 
utilization of the retina was unaffected in the two groups. 

Epinephrine in vivo and in vitro did not influence the glucose utilization of the 
retina, and arterenol (nor-epinephrine) in vitro caused a slight but. statistically 
insignificant increase in the glucose uptake of the retina. 

Desoxycorticosterone glucoside,’ 40y in vitro, produced a slight but statistically 
insignificant increase. The more physiological dose of 4y of desoxycorticosterone 
glucoside resulted in no noticeable change of glucose uptake. 

Injection of cortisone had no effect on the glucose utilization of the retina. 

Adrenalectomy was followed by a slight but statistically insignificant decrease 
in the glucose uptake. 

Anterior pituitary Extracts | and II and hypophysectomy did not affect the 
normal glucose uptake of the retina. 


Castration had no influence on the glucose utilization of the retina. 


COMMENT 
The results of these experiments clearly indicated that the glucose utilization of 
the retina was stable and unatfected by a variety of hormones both in vivo and in 
vitro and by endocrine deficiencies. 
Thyroid.—Neither thyroid hormone nor surgical and chemical thyroidectomy 
altered the glucose utilization of the retina. 


These results are in line with those obtained by other investigators. Fazekas 


and associates 


showed that the oxygen uptake of rat brain was not directly influ- 


5. Ciba Pharmaceutical Products, Inc., supplied us with desoxycorticosterone. 
6. Fazekas, J. F.; Graves, F. B., and Alman, R. W.: Influence of Thyroid on Cerebral 
Metabolism, Endocrinology 48:169, 1951. 
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enced by an increase or a decrease of thyroid hormone. Scow and Simpson? 
reported that the brain and eyeball of the rat did not undergo the marked retarda- 
tion of development following complete thyroidectomy at birth that was noted in 
all other tissues. It is generally agreed that the metabolic rate of the brain is unaf- 
fected by thyroidectomy or thyroid feeding, in contrast to the metabolic rates of 
other tissues, which are depressed by a lack, or elevated by an excess, of thyroid 
hormone.* 

The slight but statistically insignificant increase of the glucose utilization of the 
retina observed in the group fed 0.1% propylthiouracil, as compared with the 
glucose uptake in the group following thyroidectomy, indicated that the action of 
thiouracil may have been independent of its effect on the thyroid gland. 

Insulin.—The retina is unique in that severe hypoglycemia and addition of 
insulin in vitro did not affect the utilization of glucose. This finding suggested that 
the retina possessed an alternative pathway of energy production when glucose was 
not available. 

Himwich and associates * reported marked depression of oxygen uptake by the 
brain two hours after the development of insulin hypoglycemia. Generally insulin 
increased the glucose utilization of the tissues. The uptake of glucose by the iso- 
lated diaphragms, for example, increased by about 27% with the addition of insulin 
(Krahl and Cori ?°). 

Diabetes —Neither chronic mild diabetes (fasting blood sugar below 200 mg. 
per 100 ce.) nor chronic severe diabetes (fasting blood sugar between 200 and 490 
mg. per 100 ce.) had any influence on the glucose utilization of the retina. In order 
to estimate the duration of the diabetes in those rats, we assumed that the life span 
of a rat is 3 years, corresponding to 70 years in man. In the two groups of animals 
the durations of the diabetes were 54 and 72 days, respectively. This would cor- 
respond to durations of 50 and 56 months in human beings. 


Illing and Gray " observed that with glucose substrate the rates of oxygen con- 


sumption and anaerobic glycolysis were significantly lower in the retinas of the 
rabbit with alloxan diabetes than in the retinas of the normal rabbit. With pyruvate 
as substrate the oxygen consumption was significantly greater than with glucose 
substrate. 


Most other parts of the diabetic organism, with the exception of the brain, sutfer 
an impairment in the utilization of glucose. Krahl and Cori!® observed that the 

7. Scow, R. O., and Simpson, M. E.: Thyroidectomy in the Newborn Rat, Anat. Ree. 
91:209, 1945. 

8. Gordon, FE. S., and Heming, A. E.: Effect of Thyroid Treatment on Respiration of 
Various Rat Tissue, Endocrinology 34:353, 1944. Brophy, D., and McEachern, D.: Varying 
Effect of Thyroxine on Oxygen Consumption ef Different Tissues, Proc. Soc. Exper. Biol. & 
Med. 70:120, 1949. 

9. Himwich, H. E.; Hadidian, Z.; Fazekas, J. F., and Hoagland, H.: Cerebral Metabolism 
and Electrical Activity During Insulin Hypoglycemia in Man, Am. J. Physiol. 125:578, 1939. 

10. Krahl, M. E., and Cori, C. F.: Uptake of Glucose by the Isolated Diaphragm of Normal, 
Diabetic and Adrenalectomized Rats, J. Biol. Chem. 170:607, 1947. 

11. Illing, FE. K. B., and Gray, C. H.: Retinal Metabolism in Diabetes: Metabolism of 
Retinae of Normal and Alloxan-Diabetic Rabbits, J. Endocrinol. 7:242, 1951. 
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glucose utilization of the diaphragm of diabetic rats with a fasting blood sugar below 
200 mg. per 100 ce. was normal, and that with a fasting blood sugar of over 300 mg. 
per 100 ce. the rate decreased by 59%. 

In five rats not reported in the ‘Table, diabetic coma occurred two to three days 
after the injection of alloxan. The average fasting blood sugar was 682 mg. per 
100 ce. The glucose utilization of the retina in Krebs-Ringer phosphate solution 
was 0.09 mg. per retina, as compared with 0.22 mg. per retina for control animals. 
The general state of these diabetic animals was extremely poor, and the body tem- 
perature dropped to an average of 32.C. Because of their extremely poor general 
condition, the results obtained in these animals were not regarded as valid. 

Adrenal Hormones.—-\-pinephrine and arterenol had no effect on the glucose 
utihzation of the retina. It is known, however, that injections of epinephrine 
strongly depress the peripheral glucose assimilation, as shown by the lowered glu- 
cose utilization im museles. This has been contirmed by the experiments of Somogyi '* 
in man. Walaas and Walaas '* also noted a decrease of about 30% in the glucose 
utilization when epinephrine was added to rat diaphragms incubated in glucose- 
contaming media. 

Neither desoxycorticosterone nor cortisone influenced the glucose uptake of the 
retina, According to Li and collaborators,'* injections of adrenocortical extract 
caused no change in the glucose uptake of rat diaphragms. Tipton,'® however, noted 
that whole adrenocortical extract and crystalline corticosterone depressed the oxygen 
consumption of rat brain tissue. Gordan, Bentinck, and Eisenberg ' showed that, 
with the exception of diethylstilbestrol, the steroids inhibited respiration of cellular 
homogenates of rat brain in the presence of glucose to a degree parallel with their 
anesthetic potency, as determined by Selye. Desoxycorticosterone in a dose of 
1 mg. was the most potent steroid of the group tested by them. Desoxycorticosterone 
glucoside, used in the present experiments in a high concentration (400 y per retina ) 
in five animals, did not alter the normal glucose utilization of the retina—0.62 
0.04 mg. of glucose per retina-—as compared with that for the controls (four experi- 
ments )—O.58 + 0.02 mg. of glucose per retina. 

\drenalectomy did not alter the glucose utilization of the retina. The rate of 
glucose utilization of diaphragms in adrenalectomized rats was close to that in nor- 
mal rats (Krahl and Cori 

“Interior Pituitary Hormones.— Neither injections of anterior pituitary extracts 
nor hypophysectomy had any etfect on the glucose utilization of the retina in rats. 
According to Himwich,'? the principal of the anterior lobe of the pituitary did not 

12. Somogyi. M.: Studies of Arteriovenous Differences in Blood Sugar: Effect of Epi- 
nephhrine on Rate of Glucose Assimilation, J. Biol. Chem. 186:513, 1950. 


13. Walaas, O., and Walaas, E.: Effect of Epinephrine on Rat Diaphragm, J. Biol. Chem. 
187: 769, 1950. 
14. Li, C. H.; Kalman, C., and Evans, H. M.: Effect of Hypophysectomy, Adrenocorti- ‘ 
cotropic Hormone and Adrenal Cortical Extract on the Glucose Uptake and Glycogen Synthe- 
sis by the Isolated Diaphragm With and Without Insulin, Arch. Biochem. 22:357, 1949. 
15. Tipton, S. R.: Effect of Extracts of Adrenal Glands on Respiration of Isolated Brain and 
Liver Slices, Am. J. Physiol, 127:710, 1939, 


16. Gordan, G. S.; Bentinek, R. C., and Eisenberg, F.: The Influence of Steroids on Cere- 
bral Metabolism, Ann. New York Acad. Sc. 54:575, 1951. 
17. Himwich, H. E.: Brain Metabolism and Cerebral Disorders, Baltimore, Williams & 


Wilkins Company, 1951, p. 32. 
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retard the carbohydrate metabolism in the brain because it did not penetrate that 
organ. It was assumed that the cerebral capillaries, or, rather, their surrounding 
glial cells, occluded the passage of the secretion from the anterior lobe of the pitui- 
tary to the brain cells. Park and Krahl '* showed that various factors of the anterior 
lobe injected intraperitoneally at doses of 3 mg. or more per 100 gm. of rat depressed 
the glucose uptake of the diaphragm. On the other hand, the diaphragm of hypo- 
physectomized rats utilized glucose to the same extent as did that of normal 
animals."* 

Castration.—While castration had no influence on the glucose utilization of the 
retina, it increased the oxygen uptake of the brain of rats by 32% (Gordan and 
associates 

The statement of Fazekas and collaborators ® concerning the relation of hor- 
mones to brain metabolism is pertinent to the present investigation. 

From the teleological standpoint it should not be surprising that in an organism highly dependent 
on a governing structure for optimal function the metabolism of this structure should be mini 
mally, if at all, influenced by changes of endocrine activity. 


According to the results of the present study, this statement may also be applied to 
the metabolism of the retina. 


SUMMARY) 
The influence of various hormones and hormonal deficiency states on the glu 
cose utilization of the retina was investigated. 

Thyroxine in vitro, thyrotoxicosis, thyroidectomy, and admimistration of pro 
pylthiouracil did not alter the glucose uptake of the retina. 

Severe hypoglycemia produced by an injection of insulin and insulin in: vitro 
had no etfect on the glucose utilization of the retina. 

The rate of the glucose uptake of the retina remained unchanged in chrome mild 
diabetes (fasting blood sugar below 200 mg. per 100 ce.) and in chronic severe 
diabetes (average fasting blood sugar 350 mg. per 100 ec. ). 

I¢pinephrine in vivo and in vitro and arterenol in vitro had no influence on the 
glucose uptake of the retina, 

The glucose utilization of the retina was normal after the addition of desoxy 
corticosterone glucoside in vitro and after injections of cortisone. 

No change in the glucose uptake of the retina was noted after injections of 
anterior pituitary extract or after hypophysectomy. 


Castration did not affect the rate of the glucose uptake of the retina. 


CONCLUSIONS 


The results obtained in our experiments clearly indicate that the glucose utili 
zation of the retina is independent of the various hormones and hormonal deficiency 
states tested. These findings mark the retina as a unique tissue with regard to glu 
cose metabolism. .\ll other tissues, including the brain, may be altered by one or 
more of these hormones or endocrine deficiency states. 

18. Park, C. R., and Krahl, M. E.: Effect of Pituitary Extracts upon Glucose Uptake by 
Diaphragms from Normal, Hypophysectomized and Hypophysectomized-Adrenalectomized Rats, 
J. Biol. Chem. 181:247, 1949. 
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ECHINOCOCCUS CYST OF THE EYEBALL 


OLGA LITRICIN, M.D. 
BELGRADE, YUGOSLAVIA 


Hk TAENIA echinococeus (Echinococcus granulosis) lives in the intestine 

of the dog, from which its egg is transmitted to the human stomach. From here, 
the young embryos penetrate the walls of the digestive tract, and the blood carries 
them to various other organs of the human body, for instance, the liver, lungs, and 
kidneys. At the site of its new abode the larvae of this parasite form hydatid cysts, 
which may attain the size of a child’s hand. The walls of the cyst are composed of 
an outer layer, of chitin, the ectocyst, and an inner, parenchymal layer, the endocyst, 
in which are found the heads of the future parasites with their hooks and suckers. 
Very often one large cyst contains numerous daughter cysts. Besides this unilocular 
type, one sometimes finds the multilocular type, composed of several small cavities, 
filled with a gelatinous substance. 

Hydatid cysts have been often found in the orbit, but for a long time it was 
believed that they could not appear in the eyeball itself. 

The first to mention a hydatid cyst in the eyeball was Gescheidt, in 1833, who 
deseribed a cyst between the retina and the choroid, containing numerous oval 
-bodies with suckers but without hooks. This finding was not generally accepted. 

The case of Griffith (1897) was recognized only when, in 1906, Werner pub- 
lished his own case and compared his specimen with the one described by Griffith. 
Griffith's case was that of a child 3!2 years old in whose eye a scintillating white 
opacity appeared in contact with the posterior surface of the lens. Glaucoma 
developed later, and the eye was enucleated, with the diagnosis of intraocular tumor. 
Histological examination showed a continuous membrane with parallel layers, which 
adhered everywhere to the lens, the ciliary body, and the retina. The membrane 
completely filled the site of the vitreous body, and the vitreous body itself was 
reduced to a mere rudiment behind the lens. This ectocyst had no endocyst. 

Werner's case, likewise, showed a white clouding immediately behind the lens ; 
the eye was glaucomatous and was therefore enucleated, with the diagnosis of an 
intraocular tumor. Histological examination showed a cyst in the subretinal space, 
which filled the posterior segment of the eye. The retina over the cyst had become 
thin and distended. The wall was composed of an ectocyst and an endocyst, to which 
the parasite adhered by means of hooks and suckers. 

In 1906 Wood found three cysts in the subretinal space, of which one was ° 
similar to a hydatid ectocyst. Duke-Elder considers this case, as well as the one 
recorded by Gescheidt, as doubtful. 

In 1916 Demaria described histopathologically a hydatid cyst found in an eye 
enucleated because of persistent glaucoma. The cyst contained an ectocyst and an 
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endocyst with secondary vesicles, which completely filled the eye. In 1906 Scholz 
reported the only case of a clinically diagnosed cyst. This was not confirmed histo- 
pathologically. Ophthalmological examination showed about 20 small round vesicles 
in the posterior segment of the eye. 


It has been experimentally proved that a hydatid cyst can exist in the eyeball. 
In 1921 Dévé injected scolices into the carotid artery of rats and induced the for- 
mation of hydatid cysts in the eyeball. 


Thus, the literature includes only five cases of intraocular hydatid cyst which have 
been verified histopathologically ; of these, two are doubtful (Gescheidt and Wood ), 
and in one the cyst was diagnosed clinically but not confirmed histopathologically. 
Of the three cases confirmed by histopathological examination, one contained a 
sterile ectocyst without scolices and endocyst (Griffith), and the other two had all 
the component parts of a productive hydatid cyst (Werner and Demaria). 


REPORT OF CASE 


The patient whom I was able to study clinically and histopathologically was 7 years old. 
According to the history, which was indefinite, the parents had noticed, about two months before 
the child came to our clinic, that vision was poor in the left eye, and they could see something 
white in the left pupil. Until a few days previously the patient had had no pain. There was a 
dog in the house, and the child often played with it. 

The child showed normal growth and development according to its age. The general condi- 
tion and the right eye showed nothing of interest. The fundus of the right eye was normal. 
Vision in the right eye was 1.25. 

Left Eye—Vision was reduced to indefinite perception of light. Slight blepharospasm, 
epiphora, and photophobia were present. The eyeball was of normal size, shape, position, and 
motility. The conjunctiva showed a decided caput medusae. The corneal epithelium was slightly 
edematous; the sensibility of the whole cornea was uniformely lowered. The whole of the 
anterior chamber was shallower than normal; the contents were clear. The iris was discolored, 
and the pattern, as well as the relief, was unclear. The pupil was circular and 3.5 mm. in 
diameter; the reaction to light was hardly perceptible, while the consensual reaction was 
preserved. The pupil was whitish, without a red reflex. The lens was transparent; the anterior 
curve was normal, and the posterior surface was flattened. Behind the lens was a whitish 
substance, in the shape of a calotte, which exerted pressure on the back of the lens, thus flattening 
its posterior surface. The posterior capsule of the lens was in contact with this retrolental growth. 
Jetween the two surfaces one could see several delicate blood vessels, of various sizes, which in 
parts formed a delicate network. The deeper portions of the eye could not be seen. Tension 
appeared elevated to palpation. The whitish substance behind the transparent lens, with its blood 
vessels on the surface, suggested congenital remnants of the vascular tunic of the lens, pseudo- 
glioma, retrolental fibroplasia, or retinoblastoma. As the vision of the eye was practically 
destroyed, and as the presence of an intraocular growth was very probable, enucleation of the left 
eye was performed. 

When the fixed globe was opened, one could see macroscopically that the anterior chamber 
was shallower than normal and that the pupillary edge of the iris was partially attached to the 
anterior capsule of the lens. The lens was pushed toward the cornea by a white membrane. This 
membrane was of uniform thickness and appearance throughout. It was in contact with the lens 
anteriorly, and it extended backward to the posterior pole, thus totally enclosing the vitreous 
body, which, after the globe had been opened, yielded a clear fluid without pronounced viscosity. 
The inner surface of the membrane was whitish and homogeneous in appearance, as was the 
membrane itself in cross section. ’ 


Histopathologically, the cornea showed nothing abnormal. The anterior chamber was clear 
and rather shallow. The iris was in contact with the cornea at its root. The lens was pushed 
toward the cornea; the anterior curve of the lens was normai, while the posterior surface was 
flattened (Fig. 1). The posterior surface of the lens was in contact with a membrane which 
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hig. 1.—Cyst occupying the entire posterior segment of the eye. The wall of the cyst is in 
contact with the choroid of the eye, posteriorly, and with the lens, anteriorly. Near the posterior 
pole of the eye are two smaller cysts, in the inflamed choroid. 


Fig. 2 (details of Fig. 1).—Upper, parallel layers of the ectocysts and the rudimentary 
endocysts touching the posterior surface of the lens: (1) lens; (B) ectocysts; (C) rudimentary 
endocyst. Lower, two smaller cysts in the choroid. 
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continued into the posterior segment of the eye, toward the choroid, and represented the wall of 
the cyst. The cyst filled the entire space of the vitreous body. This growth was formed of 
parallel layers (chitin membrane) (Fig. 2, upper); its inner surface was covered with a thin 
layer, which did not stain homogeneously, but did not show any cellular structure (rudimentary 
endocyst). The interior of the cyst was optically empty (sterile cyst). The vitreous body was 
pushed forward and occupied a small triangular space bounded by the ciliary body, the lens, and 
the anterior part of the wall of the cyst (Fig. 1). 

The retina was almost entirely destroyed, and its layers could be discerned only on a few 
cross sections. Near its posterior pole the choroid was thickened and infiltrated with intlam- 
matory elements. In it, at this site, were two smaller chitinous membranes, formed of layers in 
an arrangement similar to that of the wall of the larger cyst (Fig. 2, lower). 

It was only when the histopathological examination had been made that the presence of 
Echinococcus was ascertained. Such a finding is not rare in this clinic in eyes which are enu- 
cleated with the clinical impression of growth behind the lens, and for which a clinical diagnosis 
of retinoblastoma, pseudoglioma, etc., is made. 


SUMMARY 
A case of multilocular hydatid cyst in the eyeball is reported in which the larger 
cyst entirely filled the posterior segment of the eye and the two smaller ones occupied 
a space in the choroid, which had thickened, owing to inflammatory reaction, The 
wall of the cyst was composed of a hydatid ectocyst and a rudimentary endocyst, 


without living parasites. The cysts were sterile. The neuroepithelium of the eye and, 


at the same time, its function, had been almost entirely destroyed by the parasite. 
Although the occurrence of an Echinococcus in the eyeball is extremely rare, it 

is always necessary to bear such a possibility in mind in the differential diagnosis 

of various retrolental formations, especially when the patient has been in close contact 

with dogs. 
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Clinical Notes, New Instruments and Techniques 


SIMPLE SUGGESTION FOR BETTER OPHTHALMIC INSTRUMENT 
TRAYS AND TABLES 


VICTOR C. RAMBO, M.D. 
MUNGELI, M.P., INDIA 


N HANDLING ophthalmic instruments certain rules should be followed. 

1. Kach point must be constantly protected, even tips of the Arruga capsule 
forceps must be protected, as irregularity of surface will change the character of 
their action in grasping capsules. A roughened instrument should not be introduced 
into the anterior chamber. An iris forceps can become unreliable by one knock on 
its grasping blade. 

2. There should be no jumbling of instruments and no disorder, Instrument 
points should lie in one direction and be free, unthreatened by other instruments, 
cotton, cloth, bottles, or syringes. 

3. Instruments should be handled or placed, never thrown or dropped before 
or after use. 

4. There must be good visibility of points to give speed and ease of recognition 
of the instrument desired. 

5. Instruments should have a slightly elevated solid rest, so that they may be 
easy to pick up at the proper place on the handle. 

6. No sterile points to be used intraocularly should be touched with the fingers, 
gloved or ungloved, or allowed to touch even a sterile sheet or cover. 

\ flat cloth-covered surface, as is commonly used, is not good enough for 
ophthalmic instruments. In India, my colleagues and I have used a very simple 
procedure to make more convenient the proper setup for the ophthalmic surgical 
tray or table. 

In the Figure, 4 shows the rectangular sticks on the bare tray ready for the usual covers. 
The sticks can be made of any available wood. A useful one is 1.5 em. high and 5 cm. wide, the 
length to fit the individual tray or table, whether 20 cm. or 1 meter long. The sticks can be 
arranged to fit in with any setup program. They can be made wider or narrower, higher, or 
lower, longer or shorter, than in the illustration. At first our sticks were not cut out underneath. 
For flat tables and trays, only a straight stick is satisfactory. Owing to irregularities in 
enameled trays, imbalance or rocking resulted when a perfectly flat stick was used. We found 
that cutting out the central portion of the undersurface to a depth of about 3 mm., as illustrated, 
obviates this difficulty and gives a firm surface. The usual covers are arranged over thes¢ 

B of the Figure shows one setup of cataract instruments, together with irrigation bottle, 
medicine cups, and droppers. Two sticks are used here. All instruments, including keratomes 
and knives, now have their tips protected and in the clear. Needles, not shown in the illustration, 
can be ready in needle holders, with thread trailing over the sterile sheet between the two lines 
of instruments, and clear of them. 

Ophthalmic surgeons and nurses who have adopted this suggestion have used the method 
with satisfaction. It leads to a neat tray which protects the instruments and obviates the diffi 
culty of points of instruments touching anything but the eye. 

Mungeli, M. P., via Bilaspur, Central Rail. 


From the Ophthalmology Department, Christian Hospital, Mungeli, M.P., India. 
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A, the tray ready for the covers; B, tray with set-up of instruments, 
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SIMPLE METHOD FOR STERILIZING THE TONOMETEP 


PAUL TOWER, M.D. 
LOS ANGELES 


bg ERMINATION of intraocular pressure is now recognized as an essential 
part of routine ophthalmologic examination, especially with subjects over 40 
years of age. The tonometer night thus be used in testing patients with acute con- 
junctivitis, daeryocystitis, syphilis, gonorrhea, or tuberculosis, and care must be 
taken, of course, that the instrument does rot become a carrier of infection. It is 
necessary, therefore, to keep the tonometer at all times in an aseptic condition, and 
a simple, reliable method of sterilization assumes practical importance. 


Sterthzer with Schistz tonometer in position 


Mere wiping with aleohol ' will not suffice, as alcohol has only an antiseptic, not 
a bactericidal, effect. Immersion in aleohol is not a safe measure either ; in addition, 
it tends to gum up the plunger. Ether, which has been suggested as a substitute,* 
is not more efficient than alcohol. The germicidal properties of benzalkonium 
(Zephiran) chloride are limited, and when the substance is used in sufficiently 
strong solution damage to the cornea is likely to result; diluted to a point at which 
it ceases to produce undesirable side-etfects,’ benzalkonium is no longer effectively 
bactericidal. 

1. Berens, C., and Zuckerman, J.: Diagnostic Examination of the Eye, Philadelphia, J. B. 
Lippincott Company, 1946, p. 335. 

2. Berens, C., in discussion on Givner, The Physician's Opportunity in Preventive 
Ophthalmology, A. M. A. Arch. Ophth. 48:262-266 ( Aug.) 1952. 

3. Givner, Lo: The Physician's Opportunity in Preventive Ophthalmology, A. M. A. Arch. 
Ophth, 48: 262-266 ( Aug.) 1952. 


- 
7 
° 
ae 
512 


TOWER—METHOD FOR’ STERILIZING TONOMETER 513 


‘There is no safer way of sterilizing an instrument than to boil it. This method was at first 
approached with some misgiving because of the almost generally accepted notion that boiling 
damages the tonometer. Yet an instrument which had been boiled about 3,060 times during one 
year still proved reliable in every respect. Of course, not the entire tonometer is to be boiled, 
but only the portion below the side arms, consisting of plunger, foot plate, and handle sleeve 
holder, which might come in contact with the patient’s eye. The foot plate may become super- 
ficially tarnished after about two months of boiling, but wiping with alcohol takes care of that. 
Distilled water is preferable for sterilization, but there is no objection to use of tap water if it 
contains only minimal amounts of impurities. 


Almost any small sterilizer can be adapted to this purpose. My experience, however, is 
based on a modification of the Renwal sterilizer, which is especially suitable because it already 


has a hole in the lid. As the opening is too large to permit the Schigtz tonometer to rest in an 
upright position, a circular hole, 12 mm. in diameter, is drilled in the center of the metal plate, 
already fastened to the lid. With this arrangement, plunger, foot plate, and handle sleeve holder 
are immersed, while from the side arms upward the instrument projects from the sterilizer 
(Figure). Immediately after readings have been taken, the tonometer is placed through the hole 
into the sterilizer and boiled for at least five minutes; longer boiling, though not necessary, can 
do no harm, Upon removal from the sterilizer, the foot of the tonometer is wiped with tissue or 
gauze. After the plunger is withdrawn, a pipe cleaner is run through the cylinder. The instru 
ment is then reassembled and is again ready for use. 


610 S. Broadway. 
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PHYSIOLOGIC CHEMISTRY OF THE EYE 
A Review of Papers Published During 1952 


LUDWIG von SALLMANN, M.D. 
NEW YORK 


Hk MATERLAL presented in this report was compiled mainly from articles 
dealing specifically with the physiologic chemistry of the eye ; however, follow 
ing the precedent established by Kinsey, | have incorporated pertinent data on 
allied subjects 
CORNEA 

A study of Woodin' on the corneal mucopolysaccharide is of considerable 
interest to those working on the biochemistry of the corneal tissue. [lis work is 
based on the determination of the total ester S, which indicates the total amount 
of acid mucopolysaccharide. Eighty-five per cent of this compound 1s extractable 
with a 10% solution of caletum chloride; of this portion one part, corresponding 
to 70% of the total ester S of the cornea, is present as a mucoid soluble in distilled 
water; a second part, corresponding to 15% of the total ester S—-not soluble im 
distilled water—1s soluble in dilute sodium chloride. In further investigations, the 
water-soluble mucoid was separated by phenol extraction into a phenol-soluble 
protein and a phenol-insoluble mucoid, the protein moiety of which resembled in 
composition that of collagen. From the phenol-insoluble portion a mucopolysac- 
charide was isolated by trypsin digestion. Its nitrogen content was slightly higher 
than is accounted for by hexosamine. The ester S of the fraction was about equiva- 
lent to the amount of hexosamine and proved to be electrophoretically homogeneous. 
After hydrolysis with 6 N FIC) for six hours, paper chromatography with various 
solvents demonstrated the presence of galactose, glucosamine, and galactosamine, 
but not of hexuronic acid. The mucopolysaccharide was not attacked by hya- 
luronidase. The author regards these data as refuting the claims of Meyer and 
Chattfee that the acid mucopolysaccharide of the cornea is a sulfuric acid ester of 
hyaluronic acid; however, Meyer considered this preparation as a polyuronide on 
the basis of analytical determinations of CO. liberated during acid hydrolysis, the 
amount of which was equivalent to the amount of hexosamine. Woodin does not 
explain the discrepancies presented by these results. 

The theory of maintenance of the corneal hydration and optical properties of 
the cornea by osmotic forces, with the imbibitory forces of the corneal lamellae 
opposing the osmotic forces that originate from differences in the concentration of 

Dr. Zacharias Dische, Biochemist of the Department of Ophthalmology, Columbia University 
College of Physicians and Surgeons, assisted in evaluating many of the papers reviewed. 

From the Department of Ophthalmology and the Knapp Memorial Laboratory, Columbia 
University College of Physicians and Surgeons, and the Institute of Ophthalmology, Presby- 
terian Hospital. 

1. Woodin, A. M.: The Corneal Mucopolysaccharide, Biochem. J. 54:319, 1952. 


514 


‘4 
a 


von SALLMANN—PHYSIOLOGIC CHEMISTRY OF THE EYE 51 


dissolved matter in the corneal stroma and in the tears and aqueous humor (Cogan 
and Kinsey), needs to be modified in view of the information derived from two 
different sources. Smelser and Ozanics * conclude from experiments on man and 
on animals that oxygen-dependent metabolic processes in the corneal epithelium are 
active in sustaining the physiological state of corneal deturgescence. Contact lenses 
were designed by Smelser which allowed these investigators to expose the cornea 
to various gases and gas mixtures, that is, to change aerobic to anaerobic conditions. 
Exposure to an oxygen-deticient atmosphere was followed by the development of 
corneal edema, whereas the presence of an oxygen bubble under the contact lens, 
worn with a 1.5% sodium bicarbonate solution, prevented clouding of the cornea. 
Thus, the existence of an oxygen-requiring mechanism of active secretion by the 
cornea of water and salts must be postulated, which, in interaction with the physical 
forces keeps the cornea transparent. 

Langham * arrived at a similar conclusion with regard to the utilization of 
atmospheric oxygen by the living and excised cornea in studies of the glycolytic 
activity of this tissue under various conditions. Measurements of lactic acid 
production by the cornea after increasing or decreasing the atmospheric oxygen 
( Bakker’s technique) and by replacing the aqueous humor with oxygen or nitrogen 
gave the following results: Denial of atmospheric oxygen to the cornea or injection 
of nitrogen into the anterior chamber was followed by an increase of corneal lactic 
acid, whereas excess of the oxygen led to a decrease of this acid. When the lids of 
one eye were sutured and the animal was exposed to a nitrogen atmosphere, the 
corneal lactic acid of this eye did not rise markedly. A diffusion of oxygen from 
the blood vessels of the tarsal conjunctiva into the cornea could explain this result. 
The finding that the concentration of the corneal lactic acid decreased when the 
oxygen tension was raised on either side of the cornea might indicate, contrary to 
older theories, that oxygen passes freely through the cornea in both directions. 
The rates of utilization of oxygen by the component layers of the cornea were 
studied in excised preparations. Lactic acid concentrations in the epithelium and 
endothelium were found to be almost twice the concentration in the stroma. This 
could indicate either that the epithelium is the seat of glycolysis or that the acid is 
transferred from the stroma to the epithelium. 

In a study on corneal haze and halos produced by contact lenses, Kinsey * con- 
sidered mainly osmotic factors which increase corneal hydration and result in optical 
inhomogeneities. The rapid decrease of the contact lens fluid to isotonic levels by 
water from the cornea leaves the imbibitory forces of the cornea unopposed, so 
that this tissue will take up water. Kinsey, as well as Smelser, measured the 
progressive dilution of the contact lens fluid which occurs within a short time after 


2. Smelser, G. K., and Ozanics, V.: Importance of Atmospheric Oxygen for Maintenance 


of the Optical Properties of the Human Cornea, Science 115:140, 1952. Smelser, G. K.: Relation 
of Factors Involved in Maintenance of Optical Properties of Cornea to Contact-Lens Wear, 
A. M. A. Arch. Ophth. 47:328, 1952. 

3. Langham, M.: Utilization of Oxygen by the Component Layers of the Living Cornea, 
J. Physiol. 117:461, 1952. 

4. Kinsey, V. E.: An Explanation of the Corneal Haze and Halos Produced by Contact 
Lens, Am. J. Ophth. 35:691, 1952. 
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the lens is placed in the conjunctival sac. In some instances Kinsey observed an 
increase of corneal thickness after a few hours of contact lens wear, which was 
associated with clouding of the cornea and the development of halos. 

In an extensive report Finkelstein ° deseribes a slit lamp microphotometer and 
a halometer for measuring corneal scatter and diffraction halo brightness, respec- 
tively, devised for the purpose of studying this phenomenon on human eyes which 
had worn contact lenses. Over a wide range scatter remained independent of 
osmotic pressure and of butfer capacity of the contact lens fluid, but the appearance 
of the rate of development of diffraction halos was strongly influenced by differences 
in Osmotic pressure, 


Fresh cornea of rabbits contained, according to \oki," about 70% of free water 
and 5% of bound water. The respective figures for pig’s cornea were 73% and 6%. 
Hatchek’s cobalt-chloride method was used for the measurements. Subconjunctival 


injection of 3% sodium chloride solution in the rabbit eye was followed by a 
moderate and transient decrease of the free water for one hour, but the bound 
water decreased markedly. The injection of distilled water did not alter the amount 
of either the free or the bound water in the rabbit cornea. Immersion of enucleated 
pig eyes in 3% solution of sodium chloride increased greatly the free water and 
decreased the bound water, whereas similar treatment with distilled water was 
without effect. 

Langham * studied the action of cortisone on the swelling and vascularization of 
the cornea of the rabbit. [le produced a test lesion by injecting alloxan into the 
anterior chamber with the animal in general anesthesia, according to a technique 
previously described. The thickness of the cornea was measured by an optical device 
of Maurice and Giardini. When cortisone was administered at the time that active 
ingrowth of vessels occurred and the swelling of the cornea was well established, it 
did not have any inhibitory effect on the vascularization. This observation differed 
from the favorable results of other workers, who administered the hormone before 
the swelling of the cornea was pronounced or prior to injury. In conformity with 
the latter results was the diminution of the extent of vascularization and of the 
swelling of the cornea when cortisone (10 mg.) was injected subconjunctivally 24 
hours before the use of alloxan. Vascularization and swelling of the cornea were 
minimal in another series in which pretreatment with cortisone was combined with 
subconjunctival injections of the hormone for four days after the administration of 
a more dilute solution of alloxan. It is concluded that the apparent effect of corti- 
sone on corneal vascularization is due mainly to its restraining action on corneal 
hydration. 

In a short communication, Martini and Pattay * describe the effect of malonic 
and succinic dinitriles on the regeneration of corneal nerves in rabbits. These chemi- 

5. Finkelstem, I. S.: The Biophysics of Corneal Scatter and Diffraction of Light Induced 
by Contact Lenses: 1, Am. J. Optom. 20:185, 1952; The Biophysics of Corneal Scatter and 
Diffraction of Light Induced by Contact Lenses: IL., ibid. 29:231, 1952 

6. Aoki, Y.: Experimental Investigation of Free and Bound Waters in the Cornea: Effect 
of Hypertonic and Hypotonic Solution on Free and Bound Water, Acta soc. ophth. jap. 56:525, 
1952. 

7. Langham, M.: The Action of Cortisone on the Swelling and Vascularization of the 
Cornea, Tr. Ophth. Soc. U. Kingdom 72:253, 1952. 

8. Martini, V., and Pattay, J.: The Effect of Malonic and Succinie Dinitrile on Regenera 
tion of Corneal Nerves in the Rabbit, Helvet. physiol. et pharmacoi. acta 10:C18-C20, 1952. 
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cal substances allegedly produce an increase of ribonucleic acid and of proteins in the 
normal cell. Denervation of the cornea was attempted by a circular incision at the 
limbus, and the reappearance of the blink reflex to touch was taken as a sign for 
the regeneration of the corneal nerve fibers. Intravenous injection of each of the 
two dinitriles reduced the time which elapsed before restoration of the reflex. Pos 
sible mechanisms to explain this etfect are discussed. 


Okumura * studied the metabolism of human corneas stored in Ringer's solution 
at a temperature of O to 2. Normal aerobic glycolysis was maintained for 18 hours. 
After 24 hours the metabolism decreased rapidly, and no oxygen uptake was 
observed in 5 of 10 corneas which were stored for more than 24 hours. 

The author '" found that aerobic glycolysis of the rabbit cornea was little influ 
enced by subconjunctival injections of hypertonic and isotonic solutions. The injec- 
tion resulted in a considerable decrease of the carbohydrate breakdown of this tissue 
during 24 hours after the injection, followed by a slight increase the next day. 
Okumura concludes, then, that subconjunctival injection of saline seemed to be of 
little value for stimulating resorption of corneal opacities. 

A further study on the metabolism of the cornea by Okumura '' deals with the 

effect of experimentally induced hyperthyroidism. Small doses of the hormone were 
administered daily for three to six months to young rabbits. In these animals the 
carbohydrate breakdown of the cornea was found to be increased by 15 to 37%. 
The aerobic glycolysis was increased by 5 to 13%, as compared with the results 
in the control group.'* 
LENS 
In an important contribution to the understanding of the energetics of lens 
metabolism, Frohman and Kinsey '* report their studies on the distribution of 
phosphate-containing compounds in disks of axial cylindrical portions of the frozen 
cattle lens. Four slices were obtained from each cylinder, which measured 5 mm. 
in diameter. They consisted, respectively, of the central part of the anterior capsule, 
epithelium, and adjacent) superficial cortical layers; of the anterior cortex; of 
the nucleus, and of the posterior cortex. High-energy phosphate is contained in 
adenosinetriphosphate and, as storage form, in phosphocreatin; the levels of these 
two esters are constantly restored by phosphorylation of adenosinediphosphate. 
Samples composed of lens epithelium, capsule, and surface layers of the anterior 
cortex were richest in adenosinephosphates. The deep layers of the anterior cortex 
contained more of these compounds than the posterior cortex. The nucleus was 
practically free of adenosinephosphates. On the other hand, the highest concentration 

9. Okumura, M.: Metabolism of Stored Human Cornea, Acta Soe. ophth. jap. 56:27, 1952 

10. Okumura, M.: Subconjunctival Injection of Saline and Corneal Metabolism, Acta Soc. 
ophth. jap. $6:155, 1952. 

11. Okumura, M.: Influence of Thyroid Hormone on Corneal Metabolism, Acta Soe. ophth. 
jap. 56:65, 1952. 

12. The papers published in Japanese could be reviewed only on the basis of the English 
and German summaries. They cannot be critically evaluated, as the methods and technical details 
of the experiments are not known. 

13. Frohman, C. E., and Kinsey, V. E.: Studies on Crystalline Lens: Distribution of Various 
Phosphate-Containing Compounds and Its Significance with Respect to Energetics, A. M. A. 
Arch. Ophth. 48:12, 1952. 
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of phosphocreatin was determined in the posterior cortex. Its concentration was 
much lower in the anterior cortex than in the epithelium. Since the amount of 
adenosinephosphates in the axial cylinder of the lens decreased proportionally with 
the distance from the epitheliam, whereas the amount of phosphocreatin increased 
with the distance, the sum of adenosinephosphates and phosphocreatin would appear 
to be the same throughout the lens cortex. The high content of adenosinephosphates 
in the epithelium suggests that the oxidative metabolism of the epithelium yields this 
compound, which then diffuses to other parts of the lens by preferential permeation 
along the lamellae of the cortex. The technique selected by Frohman and Kinsey 
did not permit the analysis of peripheral parts of the lens, where, in autoradiographic 
studies of other workers, the turnover rate of radioactive phosphorus appeared to be 
at a maximum. With the functional differentiation of the lens epithelium in central 
and peripheral parts of the lens, studies on the equatorial area may add to the 
information obtained by the analysis of the axial portion of the lens. 

Determinations of lactic and pyruvic acid in cattle lenses were carried out by 
Mandel and Zimmer '* on material from young and old animals, and after separation 
of the lens nucleus from the cortical layers at low temperature. The technique of 
Lieb and Zacherl was employed to measure the lactic acid content, and the method 
of Friedemann and Haugen, for the determination of pyruvic acid. The content of 
lactic acid appeared to be reduced with the age of the animal. In contrast to the 
observation of Kinsey and Frohman made on the nuclei of rabbit lenses, hardly any 
pyruvic acid was found in the nuclei of cattle lenses. The results are interpreted as 
indicating a more active glucose metabolism in lenses of young animals and in the 
cortical portion than in the lenses of old animals and in the lens nucleus. Zimmer 
and Mandel '° also studied the distribution of citric acid in the cattle lenses by means 
of the technique of Weil, Malherbe, and Bone. The lens cortex and the nucleus 
showed about the same content of this acid. Lenses of young animals gave greater 
yields than the lenses of older animals. 

Various phosphorus-containing, acid-soluble compounds were studied by Nord- 
mann and Mandel '® in lenses of cattle, rabbits, and rats of various age groups. The 
ratio of the easily hydrolyzable phosphorus of adenosinediphosphate and adenosine- 
triphosphate to the phosphorus of adenylic acid residues varied from 1.4 to 2.1. 
The content of adenosinetriphosphate and adenosinediphosphate declined with the 
age of the species studied, the ratio of adenosinetriphosphate to adenosinediphosphate 
being unchanged. The content of phosphocreatin also was found to be lower in the 
animals of the older age group. The lower high-energy phosphate content of the lens 
nucleus than of the cortex confirmed the results of studies of other workers. 


It is known that normal oxygen consumption of the lens is inhibited by cyanide, 


indicating a process of heavy-metal catalysis. Ely '? proved by spectrophotometric 


14. Mandel, P., and Zimmer, J.: The Partition of Lactic and Pyruvie Acid in the Bovine 
Lens, Compt. rend. soc. biol. 146:762, 1952. 

15. Zimmer, J., and Mandel, P.: The Partition of Citric Acid in the Bovine Lens, Compt. 
rend. Soc. biol. 146:765, 1952. 

16. Nordmann, J., and Mandel, P.: Metabolism of Glucides in the Lens: I. Anaerobic Glyco- 
lysis, Ann. ocul, 18§:929, 1952. 

17. Ely, L. O.: Cytochrome-C Content of Bovine Crystalline Lens, A. M. A. Arch. Ophth. 
47:717, 1952. 
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analysis the presence of cytochrome ¢ and obtained an average of 2.53 y of this 
enzyme per bovine lens. Four batches of 50 lenses each served as the material for 
the analysis. The demonstration of cytochrome c in the lens does not indicate 
necessarily the presence of the citric-acid cycle in this tissue, which the author 
suggests. 

It had been shown previously that the cattle lens will reduce glutathione in the 
presence of triphosphopyridine nucleotide and manganese at the expense of the oxi- 
dative decarboxylation of malate. Van Heyningen and Pirie '* studied the properties 
of the enzymes which catalyze these reactions, that is, the malate enzyme and 
glutathione reductase in dialyzed extracts af cattle lenses. The authors conclude 
that the coupled reaction mentioned may bring about the reduction of oxidized 
glutathione in the lens and that it may be operative in maintaining the levels of 
glutathione and sulfhydryl groups of lens proteins. 

By means of the Warburg technique, Christiansen and Leinfelder '* studied the 
oxygen uptake and the liberation of carbon dioxide by excised cattle and rabbit 
lenses. The material was used either immediately after enucleation of the eye 
(rabbit) or after refrigeration for various periods (cattle). The oxygen uptake 
varied greatly (3.8 to 15.8 pl per gram per hour for cattle lenses; 13.1 to 58.0 gl 
per gram per hour for rabbit lenses). Low-temperature storage did not change the 
results for about one week. Unexpectedly, the oxygen uptake was not affected by 
boiling the test material for 10 minutes under nitrogen. Acid pH ranges reduced 
the oxygen uptake, whereas alkaline pH ranges seemed to increase it. The oxygen 
uptake was also increased (up to 50%) in a pure oxygen atmosphere both in 
untreated and in boiled lenses. Carbon dioxide was produced aerobically and, to a 
less degree, under anaerobic conditions. This suggests that a part of the CO, 
measured in aerobic conditions was dependent on nonenzymatic oxygen uptake. 
The authors feel justified in concluding from their results that the oxygen uptake of 
the lens is nonenzymatic, in contrast to the generally held opinion of a partial 
respiratory uptake of oxygen at certain areas of the lens cortex. 

Lens glycolysis is the subject of a second study of Leinfelder and Christiansen.*° 
Glycolysis under anaerobic and aerobic conditions was of similar magnitude, but 
there were great variations from experiment to experiment. The species of the 
animal (cattle and rabbits) and the age seemed to cause some of the variations. 
Storage of lenses at low temperature was without influence, whereas the transfer 
of the material into boiling bicarbonate buffer inhibited glycolysis, the extent depend- 
ing on the time of exposure to heat. It is not clear why the authors used a boiling 
bicarbonate buffer, as the pH of this buffer would considerably increase during 
heating at 100 C, 

Phase-contrast microscopy and the Fuelgen test were used on flat preparations 
of Jens epithelium of the albino rat by Brolin and Nordstrom.*! Observations of 

1X. van Heyningen, R., and Pirie, AJ: Enzymic Reduction of Glutathione by Cattle Lens: IL. 
Cong. Internat. Biochem. 21-27: 285, 1952. 

19. Christiansen, G. S., and Leinfelder, P. J.: A Critical Study of Lens Metabolism: I. Non 
Enzymatic ‘Respiration,’ Am. J. Ophth. 35:21, 1952. 

20. Leinfelder, P. J., and Christiansen, G. S.: A Critical Study of Lens Metabolism: II 
Glycolysis, Am. J. Ophth. 35:33, 1952. 

21. Brolin, S. E., and Nordstrém, E.: A Survey of the Occurrence of Phosphatases and of 
Some Other Properties of the Lens Capsule Epithelium Studied in Unrolled Preparations, Acta 
anat. 14:1, 1952. 
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previous workers were confirmed with respect to the occurrence of the most intensive 
Feulgen reaction in the germinative area of the epithelium ( indicating the content 
of deoxyribonucleic acid) and with respect to the presence of greater amounts of 
ribonucleic acid in the peripheral epithelial cells, which was demonstrated by Kinar- 
son's gallocyanine reaction. The same zone was the seat of greatest activity of acid 
and alkaline phosphatases, which were located mainly in the cell nuclei. In the 
nucleus, small refractive particles seem to possess the most powerful alkaline 
phosphatase activity. The phosphatases were determined by means of methods 
deseribed by Gomori. 

trolin ** combined the benzpyrene stain of Berg with fluorescence microscopy 
for studies on the distribution of lipid structures of flat preparations of the lens 
capsule and epithelium of the rat. A benzpyrene-produced fluorescence was pro- 
nounced in the cytoplasm of the cellular elements in all parts of the epithelium. The 
effect of lipid-extraction procedures, which the author studied in order to prove 
that lipids caused the henzpyrene reaction, was to produce considerable diminution 
of the fluorescence phenomenon. Moreover, staining of small granules with Sudan 
black after the digestion treatment, according to the method of Chiffelle and Putt, 
further supported the concept that the strong fluorescence after benzpyrene treat 
ment was caused by the lipid content of the eytoplasm. 

Synthesis of vitamin C of the crystalline lens was studied by Higuchi ** on 
emulsions of cattle lenses prepared with a phosphate butfer. After centrifugation, 
the supernatant fluid and the sediment were treated with 2-ketoglutonic acid for 
one hour at 37.5 C. The optimum pH was 7.2. The synthesis was moderately 
influenced by the addition of NaF, NaNO, and CH, (COOH )s, but was greatly 
reduced by high dilutions (10%) of NaAsQs, AgNQOs, and KCN. Heating at 80 C. 
did not change significantly the vitamin C synthesis of the lens material. Its dialysate 
showed half the potency for synthesis of vitamin C. 

Ogino and Misima ** extracted a mannose dehydrogenase from the rabbit lens. 
It has diphosphopyridine nucleotide as a prosthetic group. Oxidized glutathione 
and methylene blue act as hydrogen acceptors of this enzyme. The enzyme catalyzes 
the oxidation of the d-mannose to the d-mannonic acid anaerobically. According 
to this author, mannonic acid is the intermediate substance of vitamin C formation. 
Mishima *° showed that vitamin C is produced when mannose is mixed with an 
emulsion of rabbit lens in a phosphate butfer. The addition of adenosinetriphosphate 
to the mixture of mannose and the emulsion of rabbit lens increased the yield of 
vitamin C. It was further shown that the inhibition of esterification of phosphoric 
acid by phlorhizin prevents the production of vitamin C. It is concluded that the 
presence of phosphorus compounds in the form of an ester is necessary for the for- 
mation of vitamin C from mannose. 


22. Brolin, S. E.: Staining of Masked Lipids in the Capsular Epithelium of the Eye Lens, 
\cta Soc. med. upsalien. §7:33, 1952. 

23. Higuchi, M.: Vitamin C Synthetic Action of Crystallin Lens, Acta Soc. ophth. jap 
56:345, 1952. 
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Sasaki and Kodama ** describe in normal pig lenses a preventive factor against 
autoxidation of reduced ascorbic acid. This substance seems to pass from the lenses 
into the surrounding solution, and its effect increased with the number of lenses 
used. Although the technique of determination is not given in the available abstract, 
it is mentioned that the substance in the extracted solutions is acid-, base-, and 
heat-resistant. 

Ogino, Yamata, and Ichihara *? observed the frequent occurrence of cataract 
when adrenochrome was incorporated in the developing chick embryo after five to 

. six days of incubation ; lens opacification did not usually develop when epinephrine 
was introduced. The authors feel that cataract development is due to the high 
redox-potential of adrenochrome. Ascorbic acid and anthranilic acid have a protective 
effect when administered to the embryo prior to the use of adrenochrome. Gluta- 
thione did not prevent the development of cataractous changes. Usually the lens 
remained clear when adrenochrome was used during a period of 12 to 16 days of 
incubation. The authors assume that the onset of ascorbic acid production in the 
latter period of incubation explains the difference in the results in the early and in 
the late treatment with the indole derivative. 

A certain level of glycosuria is necessary for the development of cataract in 
alloxan-induced diabetes. Kok-Van Alphen ** observed that about four weeks 
elapses between the onset of diabetes in rats and the development of cataractous 
changes, which could be prevented by early treatment with insulin. Janes and 
Bounds ** describe fine opacities at the posterior pole of the lens as the first: sign 
of alloxan-induced cataract in rats. Apparently, peripheral vacuoles were not 
observed in their series. As in the observation of Kok-Van Alphen, the changes in 
the lens became visible four to eight weeks after the administration of the diabeto 
genic agent. More detailed is the report of Patterson *’ on alloxan cataract in rats ; 
this paper deals mainly with the relation of the severity of the diabetes and the 
time required for cataract formation. Average blood sugar values, which were 
determined at four-week intervals, showed a relative constant level for months 
Animals with high blood sugar values exhibited lens opacities in & to 10 weeks 
Cataract developed more slowly in animals with low blood sugar levels, and then 
the lesion often remained unilateral for several weeks. The time required for 
development of this diabetic cataract was thus related to the hyperglycemia and did 
not occur with blood sugar levels of less than 225 mg. per 100 ec. Daily injections 
of protamine zine insulin in an amount of 10 to 12 units per kilogram were necessary 
to obtain blood sugar levels of 250 mg. per 100 ce. in rats which initially had blood 
sugar concentrations of 400 to 600 mg. per 100 ce. The lenses of the insulin-treated 
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animals were clear six months after the alloxan injections. According to a study 
of Inoue,*' alloxan and dithizone diabetes induced in rabbits causes a reduction of 
glutathione levels in the lens. The decrease was slight for 3 days after the use of 
the chemical compounds but was marked for the following 7 to 11 days. The ascorbic 
acid content did not decrease for 3 days but showed a rapid depletion after from 
7 to 11 days. This author describes as the first lenticular change the formation of 
vacuoles at the periphery, which appeared two to three weeks after the administra- 
tion of alloxan or dithizone. It can be assumed that the decrease in the glutathione 
and ascorbic acid contents plays a part in the cataractogenesis of this type of experi- 
mental diabetes. 

Mawar, Jacqot, and Raulin “? observed in 15% of weaned albino rats the develop- 
ment of a unilateral cataract when the animals were fed a diet which was rich both 
in cholesterol and in desaturated fatty acids. No other pathological changes were 
noticed in the eyes except for occasional hemorrhages in the ciliary body and a 
fibroplastic response in the vitreous which resembled histologically the picture of 
retrolental fibroplasia. Proliferation and migration of lens epithelium were noticed 
in the cataractous lenses. The development of the lens opacity was rapid, and 
opacification began about two weeks after the beginning of the experiment. 

Interference of cysteine with radiation-induced activated chemical reactions was 
suggested by pretreating rabbits intravenously with this amino acid (von Sall- 
mann “*), Two early radiation effeets—depression of mitosis and extrusion of 
chromatin material from the nuclei of the lens epithelium—were used to study the 
effects of such pretreatment over a period of three weeks after the exposure to 
x-rays (1,500 r). A moderate protective action against nuclear damage was noticed 
in the pretreated eyes, as compared with the eyes treated with cysteine after irradi- 
ation. The inhibitory effect of x-rays on recovery of mitosis and overshooting of 
cell division differed very little in the cysteine-pretreated eves and in the non- 
pretreated controls, 

In a second study,** a moderate protective effect of pretreatment with cysteine 
was also demonstrated when the amino acid was injected subconjunctivally. Under 
the conditions of the experiment, glutathione and thiourea were found effective, but 
to a less degree than cysteine, in increasing the radioresistance of the sensitive 
elements of the lens epithelium. Sodium thioglycollate and dimercaprol did not 
exert such an effect, and pretreatment with other reducing chemical agents, such as 
dihydroxyacetone and tocopherol, with citrovorum factor, and with cyanide did not 
reduce the injurious effect of 1,500 r applied locally to the rabbit eye. Possible 
explanations for the differences are discussed. 

31. Inoue, M.: Biochemical Studies on Cataractous Rabbit Lens During Experimental 
Alloxan and Dithizone Diabetes: I. Changes of Ascorbic Acid Reduced by Glutathione Content 
and Their Relation to Lenticular Transparency, Acta Soc. ophth. jap. 56:588, 1952. 
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Ross °° employed glucose and galactose in studies on the circulation of the 
aqueous humor and the estimation of its rate of flow. The concentration of the 
sugars in the aqueous humor was raised by intraocular injection and then rapidly 
reduced by intravenous administration of insulin. The rate of the disappearance of 
the sugars from the aqueous was measured. The author feels that, despite some 
loss of the test substances by diffusion and by utilization within the eve, the data 
obtained are indicative of the rate of the true flow, especially since galactose cannot 
be utilized without being converted to glucose, and this conversion takes place only 
in the liver, kidney, and intestinal tract. It should be mentioned, however, that 
Sullmann has shown in the past that the lens does metabolize galactose. A second 
indirect method employed by the author consisted of determining the rate of entry 
and the equilibrium rate for suerose in normal animals, and for glucose in the 
alloxan-diabetic rabbit. Utilization of glucose is considered minimal in the diabetic 
animal. A caleulated rate of flow of 1.1% per minute is in agreement with the 
results of recent workers, and it appears irrespective of the species of the expert 
mental animal. 

Of great interest is Ross's “ study on the influence of insulin on the permeation 
of the blood-aqueous barrier by glucose, since the results add to the understanding 
of the preferential rate of the passage of this sugar across the blood-aqueous barrier. 
The penetration of glucose in normal rabbits, in alloxan-diabetic animals, and in 
animals treated with insulin was compared. In these experiments it was demon- 
strated that insulin accelerated the rate of entry of glucose into the aqueous humor 
One of the possible mechanisms of the transfer of glucose is a chemical change of 
the sugar into a more lipid-soluble substance. This possibility is dismissed as 
unlikely. (The reviewer would like to mention at this time that the ether-water 
partition solubility of glucose has little bearing on the solubility of the substance 
in solutions like plasma, which contain lipids.) Moreover, it was felt that the heavy 
hydration of the monosaccharide molecules would exclude the passing of glucose 
through pores in the membrane. Thus, a special mechanism for penetration of 
glucose and other monosaccharides must be invoked. Ross suggests that the passage 
of the sugar into the eye is effected by means of a phosphorylation system involving 
a nonspecific hexokinase, and that insulin accelerates the hexokinase reaction. In 
view of the results of similar experiments in the kidney, it is unlikely that such 
phosphorylation processes are responsible for the preferential transfer, but this point 
should not detract from the importance of the author’s observation of the influence 
of insulin on the transfer of glucose across the barrier. 

Ross’s *? studies on the permeability of the blood-aqueous barrier to organic 
substances were extended to nonelectrolytes of low molecular weight. In general, 
the importance of lipid solubility exceeds the importance of molecular size. Among 
the tested substances, formamide, with a molecular weight of 45, presented an 


35. Ross, E. J.: Circulation of the Aqueous Humor and the Experimental Determination of 
Its Rate of Flow, Brit. J. Ophth. 36:41, 1952. 


36. Ross, E. J.: The Influence of Insulin on the Permeability of the Blood-Aqueous Barrier 
to Glucose, J. Physiol. 116:414, 1952. 


37. Ross, E. J.: The Permeability of the Blood-Aqueous Barrier to Small Molecules, J 
Physiol. 117:25P, 1952. 
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exception, since its penetration was better than that of its more lipid-soluble 
homologue, acetamide. The behavior could be explained by the ability of the small 
molecule to pass through the pores in the membrane. Since urea, with a molecular 


weight of 60, does not show this ability, the size of the pores could be estimated to 


he between those of the urea and of the formamide molecule. 

Harris and Gehrsitz investigated recently the aqueous-plasma steady-state ratios 
of xylose and arabinose, with results that seem to invalidate the mathematical 
representation of the concept of aqueous humor dynamics proposed by Kinsey and 
co-workers. The argument and the experimental data of Harris and Gehrsitz are 
now critically examimed by Kinsey and Frohman. The experiments on rabbits 
were repeated, but general anesthesia of the animals was avoided. The xylose level 
was determined with a method which is specific for pentoses and has an adequate 
sensitivity for low concentrations in plasma. The authors concluded that the steady- 
state ratio of xylose did not vary appreciably with the concentration of the sugar 
in the plasma ina range of concentrations between 1.4 and 5 mM. per kilogram of 
water. These results seem to agree with the values predicted on the basis of the 
secretion diffusion theory of Kinsey. 

In order to clarity the controversial nature of the departure of the chloride 
distribution between plasma and aqueous humor from the requirements of the 
Gibbs-Donnan equilibrium, Davson, Matchett, and Roberts “ used the Sendroy, 
Schales and Schales, and Volhard methods, of which the last is supposed to be 
least equivocal with regard to its specificity for chloride. [experiments were per- 
formed on guinea pig, fish, rabbit, pig, rat, dog, monkey, goat, sheep, ox, and horse. 
Some correlation was noted between the values of the ratio and the size of the eye. 
Thus, the deviation from the Gibbs-Donnan distribution in the horse is in excess 
of chloride in the aqueous (rate, O.84) ; in the guinea pig the excess is in the plasma 
(rate, 1.07). In rabbits the ratio for the aqueous humor was 0.99, but for the 
cerebrospinal fluid it was O.85. The chloride distribution in the dog showed a ratio 
of 0.97 in 3- to 5-month-old pups and of 0.93 in adult dogs. 

Linnér * based a series of experimental studies on the theory that the blood 
supply to the ciliary processes might be the limiting factor for the quantity of 
ascorbic acid which can be transferred to the aqueous humor if the plasma concen- 
tration of ascorbic and hydroascorbie acid is low enough. If this thesis could be 
proved, the clearance of ascorbic acid by the secretory part of the eye could be used 
to measure the rate of plasma flow through the ciliary processes. 

As a test of the tenability of the theory, the carotid artery of one side was ligated 
in rabbits, and the ratio of the ascorbic acid concentration in the aqueous humor 
of both eves was investigated at various plasma levels of ascorbic acid. This ratio 
was constantly O.83 over a wide range below saturation level, whereas above this 

38. Kinsey, V. E., and Frohman, C. E.: The Aqueous/Plasma Steady-State Ratio of Xylose: 
Its Compatibility with the Secretion-Diffusion Theory of Aqueous-Humor Dynamics, Am. J. 
Ophth. 35:1171, 1952. 

39. Davson, H.; Matchett, P. A., and Roberts, J. R. E.: Comparative Studies of the Distribu 
J. Physiol. 116:47P, 1952. 
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40. Linnér, E.: Ascorbic Acid as a Test Substance for Measuring Relative Changes in the 
Rate of Plasma Flow Through the Ciliary Processes: |. Effect of Unilateral Ligation of the 
Common Carotid Artery in Rabbits on the Ascorbic Acid Content of the Aqueous Humor at 
Varying Plasma Levels, Acta physiol. seandinay. 26:57, 1952. 
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level no differences were noticed between the two eves. (“Saturation level” is an 
expression for the value of the plasma ascorbic acid concentration above which a 
further increase of this concentration does not cause a subsequent increase of the 
ascorbic acid content in the aqueous humor.) Ina second study,'' Linnér measured 
the blood volume which escaped from one incised vortex vein in the rabbit eye and 
took this figure as indicating the blood flow through the uveal tract. Ligation of 
the common carotid artery diminished by 199% the quantity of blood escaping from 
this eve. The ascorbic acid content of the aqueous humor on the ligated side 
decreased by 17%. These results thus gave further support to the concept that the 
maximum rate of secretion of ascorbic acid into the aqueous humor is dependent 
on the blood flow through the ciliary processes. In a third study * of this series, 
condueted by Becker and Linner, the effect of unilateral preganglonic section of 
the cervical sympathetic nerve on the concentration of ascorbic acid in the aqueous 
humor was examined. The measured amounts were considered as reflecting cir- 
culatory changes caused by the division of the nerve. Below saturation level the 
ratio of the ascorbic acid concentrations of the two eves was 1.11. No ditterence 
was found between the two eves when the plasma concentration was above saturation 
level or after administration of Dibenamine. Guinea pigs served as experimental 
animals in the fourth part of Linner’s study.’ Unilateral carotid ligation or pre 
ganglionic unilateral section of the cervical sympathetic nerve preceded the estima 
tion af the ascorbic acid concentration in the aqueous humor of the two eyes at 
various plasma levels of the acid. Below saturation level the ratio of ascorbic acid 
for the two eyes was O.88 in animals in which the carotid artery was ligated and 
1.23 in the group in which the cervical sympathetic nerve was severed. Above 
saturation level no difference was noted between the eyes after umiateral ligation 
of the carotid artery; but after the section of the cervical sympathetic fibers the 
ratio of ascorbic acid for the two eves decreased to a value of 1.02 when Dibenamine 
in a dose of 100 mg. per kilogram had been administered subcutaneously. The 
results of this series of experiments, like those previously obtained in rabbits, sug- 
gested that at concentrations below saturation level ascorbic acid appears to be 
removed to a threshold level from the plasma flowing through the ciliary processes. 
Linnér mentions that saturation of the secretory part of the rabbit's eye is reached 
at the plasma ascorbic acid level of about 3 mg. per 100 ce (Kinsey; Langham). 
The maximal rate of transfer of ascorbic acid across the aqueous-blood barrier in 
the guinea pig coincides with the plasma ascorbic level of 2 mg. per 100 cc. The 
concentration of ascorbic acid in the aqueous humor at saturation is about 30 my. 
per 100 ce. in the guinea pig as against 50 mg. per 100 ce in the rabbit. 

41. Linnér, E.: Ascorbic Acid as a Test Substance for Measuring Relative Changes in the 
Rate of Plasma Flow Through the Ciliary Processes: Il. Effect of Unilateral Ligation of the 
Common Carotid Artery on the Blood Flow Through the Uveal Tract as Measured Directly 
in a Vortex Vein, Acta physiol. scandinav. 26:70, 1952. 

42. Becker, B., and Linnér, E.: Ascorbic Acid as a Test Substance for Measuring Relative 
Changes in the Rate of Plasma Flow Through the Ciliary Processes: TI]. Effect of Pregan- 
glionic Section of the Cervical Sympathetic in Rabbits on the Ascorbic Acid Content of the 
Aqueous Humor at Varying Plasma Levels, Acta physiol. scandinay. 26:79, 1952. 

43. Linnér, E.: Ascorbic Acid as a Test Substance for Measuring Relative Changes in the 
Rate of Plasma Flow Through the Ciliary Processes: IV. Effect of Carotid Ligation and 
Cervical Sympathectomy in Guinea-Pigs on the Ascorbic Acid Content of the Aquecus Humor 
at Varying Plasma Levels, Acta physiol. scandinav. 26:130, 1952 
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The instillation of a 10% solution of fluorescein sodium into the conjunctival 
sac of the human eye produces fluorescence in the cornea and, after about 30 
munutes, in the aqueous humor. The intensity of the fluorescence in the aqueous 
humor depends on the amount taken up by the cornea and the rate of flow of the 
aqueous. Langley and MacDonald,'* who introduced this test as a clinical method, 
followed the clearance of fluorescein from the anterior chamber, a process which is 
complete in about 24 hours in normal eves. The instillation test on one eye followed 
by the fluorescein permeability test of Amsler and Huber (2 ml. of 10% fluorescein 


sodium injected intravenously) showed that the presence of fluorescein in’ the 


aqueous humor does not alter the permeability of the barrier for the acid dye. The 
shape of the appearance-disappearance curve did not indicate any major variation 
in normal human eyes as compared with rabbit eyes. The amount of fluorescein 
taken up by the cornea at the time of instillation influences solely the height of the 
curve. Spreading of the stain in corneas in which the epithelium was injured 
showed that fluorescein penetrates through the corneal lamellae as readily as it 
passes laterally between them. 

The rate of escape of protems labeled with radioactive iodine (1'*') from the 
anterior chamber of rabbit eves were studied by Wright, Morgan, and Wright ” 
over a period of 24 hours. For the first few hours the decrease in radioactivity of 
the aqueous humor was rapid. After 24 hours the radioactive imoculum had disap 
peared from this thai. The authors believe that a possible redistribution of the todi 
nated protein in the tissues and fluids of the eveball could not account for more than 
a small fraction of the depletion of 1! from the aqueous humor. Results @f radio 
graphic studies of other workers would not support this assumption. It appears to 
the reviewer doubtful, therefore, whether the shape of the disappearance curve can 
he ascribed wholly to the escape of the radiotracer by various drainage channels 
that empty the veins of the sclera. 

In their study on the effect of corticotropin on the ascorbic acid level of the 


draw attention to differences in the 


aqueous humor, Barany, Becker, and Linnér 
ascorbic acid concentration of the two eves of rabbits when they are not punctured 
simultaneously. Withdrawal of the aqueous in the second eve after a lapse of one 
to four hours may give values for ascorbic acid 20 to 30% higher than those for 
the first eve. Stress caused by luxation and puncture of the first eye with the use 
of local anesthesia may result in an increase of the plasma ascorbic acid and, on a 
magnified scale, of the level in the aqueous humor. The authors avoided this pitfall 
in their experiments and cbhserved a 15 to 20% increase of ascorbie acid concentra- 
tion in the aqueous humor two hours after subcutaneous administration of cortico- 
tropin, with a marked scatter of the results. The likely explanation of this increase 
is the high plasma level of the acid, but alternative possibilities are considered. 

Lepri studied the influence of the corticotropic hormone of the pituitary and 
of desoxyeorticosterone acetate on variations of ascorbic acid levels of the aqueous 

44. Langley, E.. and MacDonald, R. K.: Clinical Method of Observing Changes in the Rate 
of Flow of Aqueous Humor in the Human Eye: I. Normal Eyes, Brit. J. Ophth. 36:432, 1952. 

45. Wright, EK. A.; Morgan, R. S., and Wright, G. P.: Rate of Escape of Proteins Following 
lheir Injection into the Anterior Chamber of the Rabbits’ Eye, J. Path. & Bact. 64:461, 1952 

46. Barany, F.; Becker, B., and Linnér, E.: Increased Ascorbic Acid Level in the Aqueous 
Humor After Administration of ACTH, Acta physiol. scandinav. 25:77, 1952. 

47. Lepri, G.: Metabolism of Ascorbic Acid in the Aqueous Humor Under the Influence of 
Some Hormones: Action of Hypophyseal Corticotropice Hormone and of Desoxycorticosterone 
Acetate, Boll, ocul. 31:65, 1952 
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humor of rabbits. He employed the methed of Martini and Bonsignore, as well as 
the method of Roe and Kuether. The following principal observations are listed: 
The initial fall of the ascorbic acid level of the blood observed after a single subcu- 
taneous injection of corticotropin could not be demonstrated when the treatment 
with this hormone was prolonged. Contrary to this observation was the decrease 
of the ascorbic acid level in the aqueous humor, which was noticed after protracted 
administration of the hormone. The simultaneous use of desoxycorticosterone 
acetate and corticotropin prevented the decrease of the ascorbic acid content found 
usually after the use of corticotropin alone. Treatment with desoxycorticosterone 
acetate alone did not influence the level of ascorbic acid in the blood and in the 
aqueous humor of the experimental animal. Leopold and Maylath * showed an 
increase of the corticoid content of aqueous humor after repeated paracentesis in 
normal rabbits (10 experiments). The determinations were made by means of the 
Porter-Silver reaction. ‘The authors consider the possibility that the occasional 
benefit of paracentesis in patients with anterior uveitis may be due to the increase 
of corticoids in plasmoid aqueous humor. Montanari and Lepri ™ report the presence 
of a corticotropin-like substance in the primary aqueous humor, which was demon- 
strated by the decrease in the ascorbic acid content of the adrenals of hypophysec- 
tomized rats. The decrease varied from 37 to 57 mg. per 100 gm. of fresh adrenal 
tissue. The corticotropin content appeared moderately greater in the aqueous 
humor of second extraction. 


Kishimoto °° observed that an increase in the concentration of vitamin By, (thi- 
amine) in the aqueous humor of rabbits 30 minutes after the administration of 
posterior pituitary hormone may possibly influence the cerebrospinal fluid, and also 
the blood-aqueous barrier through the vasocontrictor activity of the drug. 

Shortly after electric stimulation of specific areas in the hypothalamus, Najai 
and Morimoto *! injected 10% fluorescein sodium (uranine) intravenously into 
rabbits. Stimulation of the ventromedial nucleus resulted in increased concentration 
of fluorescein in the aqueous humor, whereas stimulation of the lateral nucleus did 
not seem to influence significantly the permeability of the barrier. Caselli °* studied 
the capillary-protective quality of vitamin FE. on the eyes of rabbits. The permeability 
of the blood-aqueous barrier to fluorescein, measured by the method of Amsler and 
Huber, was found to be consistently and markedly reduced when the vitamin was 
administered in a dose of 60 mg. per kilogram a day over a period of 10 days 
preceding the determination. 

48. Leopold, I. H., and Maylath, F. R.: Corticoid Determinations of the Aqueous Humor 
After Repeated Paracentesis, Am. J. Ophth. 35:932, 1952. 

49. Montanari, L., and Lepri, G.: ACTH-Like Activity of the Aqueous of First and Second 
Extraction in the Normal Rabbit, Gior. ital. oftal. 5:59, 1952. 
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Aqueous Humor Induced by Electric Stimulation of the Hypothalamus, M. J. Osaka Univ. 
4:303, 1952. 

52. Caselli, F.: Action of Vitamin E on the Permeability of the Blood-Aqueous Barrier, Boll. 


ocul. $31:271, 1952. 


OPHTALMOL 


Injection of horse serum ite the corneal stroma of rabbits which had been 
sensitized to this antigen produced a reaction which Shirai, Inoue, and Suzuki 
called experimental parenchymatitis of the cornea. “The aqueous humor of such eves 
was withdrawn at set intervals and examined for its content of sodium chloride. 
sugar, and protem. In a control series, normal and regenerated aqueous humor 
were compared. The sugar concentration of the secondary aqueous of control eyes 
increased to peak values at 30 minutes and decreased to a normal level after 4 hours 
The decrease of the chloride following the puncture of the anterior chamber was 
of short duration. The maximum was reached after 1 hour, and normal concentra 
tions were found at the end of 24 hours. The protein level rose to its maximum 
30 minutes after parcentesis, and, contrary to the findings of other investigators, 
a normal level was reached within 24 hours. In eyes with experimental parenchy 
matitis, the sugar concentration of the aqueous humor began to increase at 24 hours 
and reached a maximum at 36 hours. The chloride curve, after a short fall, rose 
slowly and remained at a relatively high level for more than 10 days. The increase 
of the protein concentration was delayed for 4 to 5 hours but stayed high for a 
relatively long period, with a maximum at 36 hours 

Bock and Klingenberg *' investigated the influence of amimopyrine (pyramidon ) 
on the fixation of fluorescein to plasma proteins. When aminopyrine or Novaldin 
(dipyrone) was added to mixtures of serum and fluorescein, the fluorescence 
phenomenon, measured with a Pulfrich step photometer, decreased markedly. Anti- 
pyrine, aminopyrine, and sodium salicylate also led to a diminution of fluorescence 
in the aqueous solution. Repeated subcutaneous injections of 0.5 ml. of a 50% 
solution of Novaldin administered over a period of two hours, to a total of 2 ml., 
resulted in a decrease of the fluorescence in the aqueous humor of the rabbit eye 
when it was withdrawn subsequent to the intravenous injection of a 5% solution 
of fluorescein sodium and 90 minutes after the treatment with Novaldin. 

In six normal adults, the potassium content of the aqueous humor and of the 
cerebrospinal fluid was determined and compared by Sugawara.’’ The slight differ- 
ence of this element between the aqueous and the cerebrospinal fluid is considered 
insignificant by the author. The free amino acids of the primary aqueous humor 
of rabbits are identified by Kinugasa and Hasaegawa *’ and are listed, as well as 
the amino acids hydrolyzed from proteins in the aqueous of first extraction. The 
same determinations were carried out on the free amino acids, and the amino acids 
hydrolyzed from the proteins of the aqueous of second extraction, From the results, 
the authors conclude that the aqueous is not produced by a simple dialysis from 
the blood. 

The recently developed micromethod of electrophoresis on filter paper was used 
by Witmer ® for fractionation of the proteins in the aqueous humor in man. A 

53. Shirai, N.; Inoue, T.. and Suzuki, H.: Biochemical Study on the Alteration of the 
Anterior Chamber Fluid of the Rabbit During Experimental Parenchymatous Keratitis, Acta 
Soc. ophth. jap. 56:548, 1952 

54. Bock, J., and Klingenberg, H.: Influence of Pyrazolone Derivatives on the Fluorescence 
of Dyes, von Graefes Arch. Ophth. 152:514, 1952. 

55. Sugawara, A.: Potassium Content of the Aqueous Humor and the Cerebrospinal Fluid 
of the Normal Adult, Acta Soc. ophth. jap. 56:533, 1952 

56. Kinugasa, J.. and Hasaegawa, Y.: Amino Acids in the Aqeous Humor, Acta Soc. ophth 
jap. 56:537, 1952 
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volume of 0.04 to 0.06 mil. ot normal aqueous humor is needed tor the determimation 
Diagrammatic presentation mdicates the similarity of the protem picture of the 
aqueous humor and that of the serum, as well as the characteristics of pathological 
aqueous humor. .\ review of previous studies on the electrophoretic pattern ot 
ocular fluids and an accurate deseription of the technique used in the present work 
precede experimental results obtained by d’lermo by the micromethod elaborated 
by Cremer and ‘Viselius. \queous humor and vitreous fluid of normal rabbit eves 
and of eyes with acute and chronic experimental uveitis served as test material 
In a type of allergic uveitis, the gamma-globulin traction in the aqueous humor 
measured twice that in eyes with experimental tuberculous uveitis. ‘The soluble 
protems of the horse lens were also studied by paper electrophoresis, with results 
which are in agreement with those of previous workers. The small number ot 
experiments indicates the preliminary nature of the study. The electrophoretic 
pattern of the aqueous humor in various inflammatory conditions was examined 
by Wunderly and Catianut °* in a small series of patients. The technique differed 
slightly from that employed by Witmer. In chronic inflammation of the uvea, the 
alpha-globulin was increased as compared with the gamma globulin, but in acute 
conditions the concentration of gamma-globulin was relatively high, similar to the 
observations of Witmer. Increase of serum globulins alone is responsible for the 
increased protein content of the aqueous humor of inflamed eves. Finally, the 
method of paper electrophoresis of Cremer and ‘Tiselius was also utilized) by 
Niedermeier °° for the analysis of protein fractions in the aqueous humor in rabbits 
and in man. In his short communication, accurate figures and details of the modified 
technique are not given. It is mentioned that the interference by intraocular opera 
tion on one eye leads to a considerable increase of the protein concentrations of 
the aqueous humor of both eyes. 

The bioassay on the rectus muscle of frogs served Toda"! in his studies on 
the cholinesterase activity of aqueous humor and blood serum of rabbits under 
various conditions. The usually negative results obtained for the aqueous humor 
of normal rabbits confirmed the findings of other authors. The secondary aqueous 
showed slightly less cholinesterase activity than the serum. Maximal effects were 
obtained with aqueous humor withdrawn 15 to 30 minutes after paracentesis. “The 
enzyme in the aqueous humor seems to have entered the eye from the blood, 

Simonelli © could not observe changes in the permeability of the blood-aqueous 
barrier for fluorescein in man (six experiments) by injecting 100 to 250 units of 
viscosity (U. V.) of hyaluronidase retrobulbarly but found a considerable imerease 
of this permeability when the enzyme was injected subconjunetivally. These results 
58. d’Ermo, F.: Preliminary Examination of the Protein Content of the Intraocular Fluids 
by Paper Electrophoresis, Boll. ocul. 31:321, 1952 

59. Wunderly, C. H., and Catianut, B.: Electrophoresis of the Pathological Aqueous, Ann 
ocul, 185:414, 1952. 

@. Niedermeier, S.: Quantitative Fractionation of the Protein Contents of the Aqueous, 
Klin. Monatsbl. Augenh. 120:644, 1952. 
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are contrary to those of Morpurgo, which were carried out on rabbits. Cascio * 
examined the influence of alpha-tocopherol (vitamin E.) on the permeability of the 
blood-aqueous barrier of rabbits which had been treated with hyaluronidase. This 
author found that the enzyme increases the permeability of this barrier. Subcon- 


junctival injections of vitamin E (0.5 cc. of an aqueous solution containing 25 mg. 


of the vitamin) hinders this action of hyaluronidase. In other experiments the 
vitamin was injected intravenously in a dose of 60 mg. per kilogram per day for 
10 days prior to the fluorescein-permeability test (technique of Amsler and Huber ). 
Systemic pretreatment also reduced the diffusion phenomenon across the barrier, 
possibly by inhibiting the depolymerization of hyaluronic acid around precapillaries. 
An increase of the fluorescein permeability of the blood-aqueous barrier in rabbits 
was found by Hager ®* after the use of bishydroxycoumarin (Dicumarol), ethyl 
biscoumacetate (‘Tromexane ), ethyl acetate, penicillin, and hyaluronidase. Rutinion 
counteracted this effect. 
VITREOUS HUMOR 


The microscopic and submicroscopic structures of the vitreous body of human 
and cattle eyes were examined by Grignolo ® with the aid of phase microscopy. 
Klectron microscopic patterns of fibrous elements were studied in cooperation with 
Matoltsy and Gross. The findings are in good agreement with those of Schwarz, 
Sechuchardt, and Knock. The fibers posterior to the equatorial plane vary in width 
in fresh preparations from 2.1 to 3.3 ». They are oriented mostly in a meridional 
direction and are roughly parallel to the surface of the vitreous body. These fibers 
divide into progressively smaller elements, which anastomose with each other and 
form a widespread network in the posterior half of the vitreous body. Fibers in 
the anterior portion, originating from the vitreous base, fan out in various directions 
They appear firmly attached to another system of fibers, located anterior to the 
ora serrata and to the vitreous base. .\ membrane-like homogeneous and transparent 
layer enclose the bulk of the vitreous body. Studies on sediments of fragmented 
and centrifuged vitreous body with the electron microscope revealed the presence 
of three types of fibrils. The first type—the most abundant fibrous component—has 
a width of 150 to 300 A. The second type consists of unbranched fibrils with an 
axial periodicity from 500 to 850 A., and a third group, of striated fibers, showed 
a periodicity of O40 A., which is generally considered characteristic of collagen. 

Phase-contrast microcsopy was used by Bembridge, Crawford, and Pirie ® to 
study the structure and the chemical nature of the vitreous humor of the ox, pigeon, 
and monkey. Coarse branching fibers attached to the vitreous base and _ fibers 
running through the main body of the vitreous seem to be different chemically, 
since the first were digested by trypsin but not by collagenase, whereas the fibers 
which extend through the vitreous were attacked by collagenase and not by trypsin. 

63. Cascio, G.: Demonstration of Antihyaluronidase Activity of Alpha-Tocopherol by the 
Iridociliary Permeability Test, Gior. ital. oftal. 5:423, 1952. 
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The content of proteinase in the collagenase preparations used is not given by the 
authors. Finally, the hyaline condensation membrane which surrounds the vitreous 
is attacked by trypsin as well as by collagenase. 

When the fragmented vitreous body of cattle was subjected to high-speed centri- 
fugation by Matoltsy,"’ a sediment was obtained which consisted predominantly 
of a new type of fibril that averaged 250 A. in width and exhibited only a suggestion 
of a very fine axial repeating period. This fibrous substance was found to be an 
insoluble structural protein, the nature of which was studied in the present investiga- 
tion. The paper describes the method of isolation and purification of this protein, 
called vitrosin, and gives details about its physiochemical and chemical properties. 
The iscelectric point was found to be about pH 5.5, and the shrinkage temperature, 
60 C. It is composed of a protein-carbohydrate complex and contains cystine and 
the aromatic amino acids in low quantities. Hexosamine could not be detected 
in the complex. Vitrosin seems to be similar to Pirie’s protein, although the nitrogen 
and carbohydrate content of the latter is somewhat lower than that of vitrosin. 
Vitrosin appears as an insoluble native fibrous protein, and, while its physiochemical 
and chemical properties are similar to those of collagen, there is a significant differ- 
ence in the first structure of these proteins. The axial repeating period of 640 A. is 
absent in vitrosin. There is no information at this time as to whether vitrosin is 
uniformly distributed throughout the vitreous body or is localized in specific regions 
or structures. Its relation to other fibrous elements is not yet known. 


BIOCHEMICAL STUDIES ON THE COMPOSITION OF VARIOUS OCULAR TISSUES 
Sowness, Morton, and co-workers “* studied the distribution of copper and zine 
in mammalian eyes and in the eyes of fresh-water fish and frogs. The results obtained 
are discussed, after a detailed description of the micromethods which were employed 
for the estimation of the metals in the ocular tissues. In the mammalian eyes (sheep, 
cattle, whale, and rabbit) the highest concentrations were determined in the pigment- 
carrying tissues. Thus, the zinc content of the uvea in albino rabbits was consider- 
ably less than the content in pigmented rabbits. In trypsin digest of the tissue the 
pigmented material in the supernatant fluid was richest in zine and copper. ‘This 
concentration was not reduced by dialysis. ‘The ash of the dialyzed pigment fractions 
contained also calcium, magnesium, barium, and iron. Prolonged trypsin digestion 
of the insoluble pigment material increased slightly the zine concentration and 
reduced the copper concentration, Acid hydrolysis did not attect the copper concen 
tration but reduced the zinc. Similar results were noted in the analysis of material 
obtained from perch, trout, and frogs.” Zine and copper were found mostly in 
the pigment protein fractions of thi. tissue, particularly of the choroid. In the trout, 
however, the silver membrane contained more copper than did the choroid and iris. 
The ash of the pigment fraction differed from that of the mammalian eyes, as it 
contained calcium, iron, strontium, and zinc. 

67. Matoltsy, A. G.: A Study on the Structural Protein of the Vitreous Body (Vitrosin), 
J. Gen. Physiol. 36:29, 1952. 

68. Bowness, J. M.; Morton, R. A.; Shakir, M. H., and Stubbs, A. L.: Distribution of 
Copper and Zinc in Mammalian Eyes: Occurrence of Metals in Melanin Fractions from Eye 
Tissues, Biochem. J. 51:521, 1952. 

69. Bowness, J. M., and Morton, R. A.: Distribution of Copper and Zinc in the Eyes of 
lresh-Water Fishes and Frogs: Occurrence of Metals in Melanin Fractions from Eye Tissues, 
Biochem. J. 51:530, 1952. 
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Phe manganese content of various tissues of cattle was determined by Fore and 
Morton “ with the aid of a modified catalytic method. It was shown that the 
retina contained manganese in a nondialyzable form, so that it could not be specifi 
cally involved in the visual process. 

A short abstract in Inatomical Records lists results of an apparently extensive 
histochemical study of Wislocki ‘' on the anterior segment of the eye of the rhesus 
monkey, particularly the cornea, ciliary epithelium, zonule, and lens. Descemet’s 
membrane and the lens capsule showed properties identical with those of Reichert’s 
membrane of the rodent yoke sac. ‘The zonule resembled in its reactions the Reissner 
fibers of the brain when Gomori's chrome alum-hematoxylin and the periodic acid- 
Schiff stains were employed. 

Chromatographic studies of ammo acids im tissues of the rabbit eye by Komi ” 
revealed that about two-thirds of the total amount of the amino acids were present 
in the lens. The anterior uvea contained only one-eighteenth of the total. It appears 
that the amount of the amino acids which passes daily through the iris and ciliary 
body represent about one-half the total amino acids in these tissues. The content 
of NHg radicals is highest in the retina and least in the sclera. The isolated amino 
acids consisted mainly of the basic amino acid and glumatice acid. 

Schofield ™ describes the increase in the sensitivity of the cat's iris to acetylcho- 
line following the removal of the ciliary ganglion for a duration of about 35 days, 
with a maximum between the 5th and the 1&th day after denervation. Measure- 
ments of the cholinesterase activity in this tissue showed a steady decrease after 
gangliectomy for 35 days. There was no indication of the restoration of normal 
cholinesterase activity at the time at which normal sensitivity to acetylcholine in 
the cat’s iris had returned to normal. It seems that this phenomenon is not 
connected with a change of cholinesterase activity, as other workers have suggested 

The chemistry of several porphyrins is deseribed by Barnes and Boshoff,”* of 
the South African Institute of Medical Research, as an introduction to the extensive 
clinical observations on ocular lesions in porphyria. Of these substances occurring 
in nature, two types of coproporphyrin are of particular interest, since it is believed 
that they arise in vivo from degradation of heme pigment or are synthesized during 
normal hematopoiesis. The formation of these compounds and their excretion ts 
increased in porphyria, Another compound, uroporphyrin, is present in considerable 
amounts in patients with this disease. In congenital porphyria, isomer | pre 
dominates, whereas from the urine of patients with acute porphyria, a Type II] 
isomer was isolated, which might be a mixture of uroporphyrin 1, and another, 
as yet incompletely identified, porphyrin. By means of spectroscopy, porphyrins 
can be distinguished qualitatively, but the complete identification is complicated 
and the difficulties occurring in this identification are not yet completely resolved 

70. Fore, H., and Morton, Ro A.: Manganese in Eye Tissues, Biochem. J. 51:603, 1952 

71. Wislocki, G. Bo: Anterior Segment of the Eve of the Rhesus Monkey Investigated by 
Histochemical Means, Anat. Rec. 113:579, 1952. 

72. Komi, To: Chromatographic Study in the Ocular Tissues (Amino Acid Distribution 1 
the Rabbit's Eye), Acta Soe. ophth. jap. 56:614, 1952. 

73. Schofield, B. M.: Cholinesterase Content of the Cat's Iris Aiter Removal of the Ciliary 
Gangtion, Phystol. 118:32P, 1952 

74. Barnes, H. D., and Boshoff, P. Ho: Ocular Lesions in Patient with Porphyria, A. M.A 
Arch. Ophth. 48:567, 1952 
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Studies on the chemistry of the secretion of the lacrimal gland were carried out 
by Balik ** on a patient with a congenital aberrant duct. Tear fluid in an amount 
of about 9 mg. per five minutes was secreted. In the quiescent state, mucin and 
other proteins were absent. Treatment with pilocarpine, atropine, and emotionally 


induced hypersecretion gave the same results. ‘The hydrolysate of the secretion was 
free of polypeptides and rhodanides. The amino acids of the hydrolysate of the 
tears were the same as in deproteinized blood serum. Balik concludes that valine 
and alpha-aminobutyric acid in the hydrolysate of the tears are produced by the 
secretory cells of the gland 


RETINA 
Several investigators applied histochemical methods to stutlies on the retima 
Lillie 7° attempted further to characterize histochemically the substances of the rod 
acromeres and ellipsoids. LE-yes of the guinea pig, rabbit, dog, sheep, and pig were 
used. A quick freezing procedure was employed to preserve the rods in the extended 
state. It was found that the substances in these structures consisted largely of two 
lipid substances, one of which was with difficulty soluble in lipid-solvent mixtures, 
was relatively resistant to peptic digestion, and was moderately susceptible to tryptic 
digestion. Chromate treatments and prolonged formaldehyde action rendered this 
fraction more insoluble. Most likely it represents a galactolipoprotein complex 
The other lipid in the acromere substance was easily soluble in fat solvents. — Its 
behavior in the performic acid-Schiff reaction and in the direct Schiff reaction 
indicated the presence of an ethylene linkage. The author suggests that this fraction 
is an unsaturated lecithin, and probably the source of Kolmer’s droplets. The 
ellipsoids of the rods apparently contain a mixture of an acidophile protein and a 
soluble saturated phospholipid. In the extensive paper, a great number of fixation 
and staining procedures are considered, and reference is made to many data from 
the literature on metachromatic staining, on enzyme digestion, on the technique 
of the periodic-acid stain, on the effects of solvents on the acid-Schiff reaction, on 
the effects of solvents on the performic acid-Schitf reaction, ete. An entire chapter 
is written on the ellipsoids. Wislocki and Sidman ‘? used the periodic acid-Schift 
reaction, the Sudan black stain, and various reactions for enzymes on the retina of 
rhesus monkeys and frogs. Glycogen was abundant in the outer nuclear layer 
The plexiform layer and the ganglion cells contained less glycogen. The outer 
segments of the rods showed a strongly positive periodic acid-Schiff reaction ; the 
outer segments of rods and cones stained deeply with Sudan black, and the ellip 
soids stained weakly. In the frog retina, phospholipids appeared only in the cone 
droplets. In the monkey and the frog, the outer segments of the rods, the external 
limiting membrane and plexiform layers, and the ganglion cells reacted strongly for 
sulfhydryls. 
Ishikawa * examined histochemically the fat content of the retina of light- and 

dark-adapted rats. Five minutes of dark adaptation caused a decrease in the lipids. 

75. Balik, J.: A Note on the Chenmneal Analysis of the Secretion of the Laerimal Gland 
Ceskoslov, oftal. 8:167, 1952 

76. Lillie, R. D.: Histochemical Studies on the Retina, Anat. Rec. 192:477, 1952 

77. Wislocki, G. B., and Sidman, R. L.: Chemical Morphology of the Retina, Anat. Ke« 
1132540, 1952 

78. Ishikawa, A.: Studies on the Fat Substances in the Retina, Acta Sec. ophth. jap. 56:118, 
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particularly in the external segments of the rods and cones. After 10 minutes fat 
granules in the pigment epithelium began to decrease in size and number. Light 
adaptation after dark adaptation restored the lipid distribution ; after three minutes 
of light adaptation the findings were similar to those in eyes which were examined 
after five minutes of dark adaptation. 

Minami ** measured the cholinesterase activity of the retina of cattle, dog, chick, 
goat, rabbit, man, and cat eyes by Hestrin’s colorimetric method. Cattle retina 
hydrolzed per gram of tissue 181 mg. of acetylcholine in 60 minutes. The lowest 
activity was determined in the retina of the cat (63 mg.). A comparison of the 
central and the peripheral portion of the retina indicated a higher concentration 
(8 to 37%) in the central part of the dog retina. No difference was noted in the 
cattle retina. The cholinesterase activity of the retina profunda of the squid was 
found to be 30 to 80 times as high as that of the retina of the species of vertebrates 
examined, Relative values of cholinesterase activity were obtained in different 
layers of the visual organ and the various central ganglia of the squid. The highest 
readings were obtained in the retina profunda. 

Studies on the midbrain of chick embryos suggest that the rate of growth is 
dependent on the capacity of the tissues for aerobic glycolysis. O'Connor *’ deter- 
mined the rate of aerobic glycolysis in the retina of the developing chick embryo 
and estimated the retinal growth by measuring the rate of growth of the globe in 
terms of its diameters. Until the eighth day of incubation the two rates increased, 
but later there was a rise in the rate of aerobic glycolysis not associated with 
increased rate of growth, suggesting a change in the relation of the aerobic glycolysis 
to the morphogenesis of earlier and later stages of incubation, 

Noell" studied the effect of azide in continuation of his extensive investigations 
on the effect of metabolic poisons on electrical phenomena of the rabbit’s retina. 
Small doses of azide caused a rapid reversible rise in the potential difference across 
the eye. In about M/400 strength, azide produced a maximal potential difference. 
Degeneration of the optic nerve and of ganglion cells produced by severing the optic 
nerve did not affect the responsiveness to azide, nor did it change the electrical 
reaction to illumination. Further analysis of the site and nature of the action of 
azide was attempted by measuring this etfect on preparations in which neural and 
non-neural layers of the retina were destroyed. It ts thought that treatment with 
iodoacetic acid leads to almost complete disappearance of the visual cells with a 
relatively good preservation of the inner layers. Measurements of the length of the 
retinal are over which the pigment epithelium had not disappeared disclosed a 
correlation between the degree of preservation of the pigment epithelium and the 
magnitude of the response to azide. On the other hand, sodium iodate produced, 
according to Noell, severe impairment of the pigment epithelium but less damage 
to the sensory and nerve elements. In the opinion of the reviewer, it is a moot 
point whether a valid distinction can be made between the todate-induced destruction 


of the pigment epithelium and that of the neuroepithelium. Intravenous administra- 
79. Minami, M.: Location of Cholinesterase in the Retina, Acta Soc. ophth. jap. 56:604, 1952. 
80. O'Connor, R. J.: Growth and Aerobie Glycolysis in the Retina of Chicken, Nature 169: 
245, 1952 
81. Noell, W. K.: Azide-Sensitive Potential Difference Across the Eye-Bulb, Am. J. Physiol. 
170: 217, 1952 
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tion of sodium iodate abolishes the potential increase in response to the azide. From 
these, and other experimental, procedures, Noell concludes that azide interferes 
with electrochemical processes at the boundary between the retina and the choroid. 
The integrity of the pigment epithelium and the glass membrane plays an important 
role in producing the normal steady potential across the eye. 

The concept of the importance of glutamic acid for the synthesis of proteins was 
the theoretical basis for experiments of \uricchio and Sbordone,”* in which the 
effect of these compounds was studied on the experimental retinopathy produced 
by systemic administration of sodium iodate. The authors arrived at the opinion 
that glutamic acid protected the retinal tissue to some degree against the damage 
caused by sodium iodate. 


VISUAL PIGMENTS 


Section Written sy Rutu Pxu.D., BrocogicaL Laporatorirs, 


Harvarp University, CAMBRIDGE, Mass. 

Considerable progress has been made in the study of the chemistry of the visual 
pigments. The three substances primarily dealt with have been rhodopsin, the pig- 
ment found in the rod outer limbs of most land and sea vertebrates and the squid ; 
porphyropsin, the corresponding pigment of the rods of fresh-water fishes, and 
iodopsin, the photosensitive pigment of chicken cones. | shall attempt to review the 
publications on these topics in a somewhat logical sequence. 

Steriosomerism of Retinene and the Chemistry of Rhodopsin and lodopsin.— 
The mechanism of the synthesis and bleaching of rhodopsin has been further eluci- 
dated in a number of contributions. It had previously been shown that rhodopsin is 
synthesized in solution by the spontaneous condensation of retinene and opsin,** 
and that this reaction is an essential step in the synthesis of rhodopsin from vitamin 
A“ It has now been found that the shape of the retinene molecule is a determining 
factor in the synthesis.“° Molecules like those of retinene have long been known 
to occur in a number of steric configurations—geometrical or cis-trans isomers of 


one another— which differ only in the arrangement of the groups about their 
double bonds, and which therefore have different shapes. Five cis-trans isomers 
of retinene have now been isolated and crystallized. Each of these can be converted 
by chemical means into an equilibrium mixture containing all five isomers, or by 
irradiation with light which they absorb (1. e., blue or white light). Three isomers, 
including the all-trans form, are inactive as rhodopsin precursors. A fourth, a 
cis isomer named neoretinene b, condenses spontaneously with opsin to form 
rhodopsin, Another, isoretinene a, also reacts with opsin and forms isorhodopsin, 
a pigment similar to rhodopsin, but with its absorption maximum displaced 13 mp 


82. Auricchio, G., and Sbordone, G. : 
1952. 


Glutamic Acid in the Retina, Gior. ital. oftal. 5:387, 


83. Wald, G., and Brown, P. K.: Synthesis of Rhodopsin from Retinene,, Proc. Nat. Acad. 

. Se. 36:84, 1950. 
84. Hubbard, R., and Wald, G.: The Mechanism of Rhodopsin Synthesis, Prec. Nat. Acad. 
Se. 37:69, 1951. Throughout this review, the terms retinene and vitamin A refer to retinene, 

and vitamin Ay. 


85. Hubbard, R., and Wald, G.: (a) Cis-Trans Isomers of Vitamin A and Retinene in Vision, 
Science 115:60, 1952; (b) Cis-Trans Isomers of Vitamin A and Retinene in the Rhodopsin 
System, J. Gen. Physiol. 36:269, 1952. 
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toward shorter wave lengths. lsorhodopsin, however, seems to be an experimental! 
artifact, as there is no present indication that it occurs in the retina; nor has iso 
retinene been identified in vivo. 

The synthesis of rhodopsin from neoretinene b and opsin is a spontaneous 
reaction, and continues in the dark until the supply of either reactant is exhausted. 
The kinetics are bimolecular, as might be expected if one molecule of neoretinene b 
combined with one of opsin. 

If rhodopsin is bleached by exposure to orange light, which does not isomerize 
retinene, all-trans retinene is released. Since this cannot serve as a precursor for 
rhodopsin, the isomerization of retinene or vitamin A must form an integral part 
of the rhodopsin cycle. The cycle has, therefore, heen rewritten as follows : 


Rhodopsin 


light 
\ 


Neoretinene bo opsin All-trans retinene ++ opsin 


{ 


Neovitamin Ab & > All-trans vitamin .\ 


similar observations have been made with iodopsin, the photosensitive pigment 


ot chicken cones." In the chicken, the absorption maximum of rhodopsin is at 
500 my; that of iodopsin, at 562 mp. The carotenoid precursor of both pigments, 
however, is neoretinene b. Only the protein moieties of the two pigments are 
different, and this must account for the formation of two different chromophores 
from the same isomer of retinene. “The cone protein has been named photopsin, and 
the rod protein, scotopsin. When a colorless mixture of scotopsin and photopsin 
is incubated in the dark with neoretinene b, it synthesizes a mixture of rhodopsin 
and iodopsin. lodopsin, however, is synthesized much more rapidly than rhodopsin. 
which may account for the fact that dark adaptation is much faster in cones than 
rods. The bleaching of iodopsin, like rhodopsin, yields all-trans retinene, so that 
an isomerization cycle seems to be involved in cone vision also, 

Role of Sulfhydryl Groups, and the Structure of Khodopsin.—Wald and Brown 
have published a comprehensive study of the role of sulfhydryl (SH) groups in 
the bleaching and synthesis of rhodopsin.©’ From the pH optimum of rhodopsin 
synthesis, as well as the reversible inhibition of rhodopsin formation by the sulfhydry] 
poison p-chloromercuribenzoate, they conclude that SEL groups on opsin are required 
for the synthesis of rhodopsin. They show also that the bleaching of rhodopsin 
uncovers SH groups in the stoichiometric ratio of about two STI groups for each 
molecule of retinene. A system has been assembled for the amperometric titration 
of SH groups. This has made it possible to register the bleaching of rhodopsin 
directly as an electrical variation. The implications of this observation are discussed 
for the photoreceptor process and for excitatory processes im general 


86. Wald, G.; Brown, P. K., and Smith, P. H.: Llodopsin, Federation Proc. 11:304, 1952 
87. (a) Wald, G., and Brown, P. Ko: Role of Sulthydryl Groups in the Bleaching and 
Synthesis of Rhodopsin, J. Gen. Physiol. 35:797, 1952. (b) A preliminary abstract of this work 
was reviewed in the Arcnuives last year (Hubbard, Ro: Photochemistry, in Kinsey, V. FE 
Physiologic Chemistry of the Eve, AWM. AJ Areh) Ophth. 48:514, 1952) 
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A tew words should be said here about the structure of the rhodopsin chromo 
phore and its attachment to the protein, as this point is raised by Hubbard and 
Wald *” and by Wald and Brown. The kiretics of rhodopsin synthesis suggests 
that the chromophore contains only one molecule of retinene. ‘There is also some 
evidence that the chromophore retains the cis linkage of neoretinene b. Its attach 
ment to the protein seems to involve SH groups, but other groups may also be 
concerned with the linkage.” The results of Wald and Brown, however, strongly 
suggest a direct linkage between retinene and SH groups on opsin. 

Energetics of Bleaching of Rhodopsin.—St. George has studied the energetics 
of the bleaching of rhodopsin and finds that rhodopsin, in order to bleach, requires 
an activation energy of 44 to 48.5 kg.-cal. per mole." This can be supplied either 
as heat or as absorbed light quanta, and the two cooperate in activating the molecule. 
Thus, when rhodopsin is bleached with white light (quanta larger than 48.5 kg.-cal 
per mole), the rate of bleaching is independent of temperature ; i. e., it has a tempera- 
ture coefficient of 1. The rate of thermal bleaching in the dark, on the other hand, 
has a high temperature dependence, corresponding to an apparent activation energy 
of 44 kg.-cal. per mole. If rhodopsin is bleached with red light (quanta smaller 
than 48.5 kg.-cal. per mole), the rate of bleaching becomes temperature dependent. 
The sum of the quantum energy of the bleaching light and the activation energy 
calculated from the temperature coefficients, however, remains between 44 and 48.5 
kg.-cal. per mole. This indicates that the energy deficit of the quanta of red light 
can be compensated for with thermal-energy contribution from the internal energy 
of the rhodopsin moiecule. These experiments suggest that energy can move freely 
between the protein portion and the prosthetic group of the rhodopsin molecule. 
so that the activation due to light absorption by the prosthetic group can be pooled 
with the activation energy derived from the internal degrees of freedom of the 
protein. St. George also shows that in red light there is a discrepancy between 
the temperature coefficients of light absorption and of bleaching, such that the 
quantum efficiency of bleaching falls at wave lengths beyond 600 my. 

Preparation of Rhodopsin and Analysis of Retinal Material.-Collins, Love, and 
Morton have deseribed procedures for the preparation of rhodopsin solutions.*” 
Their final procedure, yielding the best solutions, involves as a first step disintegra 
tion of the retinas, followed by centrifugation in a sucrose gradient. This yields the 
rod outer limbs as a narrow layer at a sucrose concentration of about O.88 M. The 
isolation of the outer limbs is followed by treatment with 4% alum for one hour, 
and 40% neutralized formaldehyde for 10 minutes. The outer limbs are then 
extracted with 2% aqueous digitonin. This method yields fairly pure rhodopsin 
solutions by spectrophotometric criteria, It is similar in principle to the method 
of Wald and Brown, except that these workers separate the rod outer limbs by 
centrifugation in 45% sucrose and omit the formaldehyde treatment. There is no 
doubt that the solutions prepared by both these methods are purer than any obtained 


88. Collins, F. D.: Rhodopsin and Indicator Yellow, Nature, London 171:469, 1953. 
89. St. George, R. C. C.: Interplay of Light and Heat in Bleaching Rhodopsin, J. Gen 
Physiol. 35:495, 1952. 
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until the last few years. An exact estimate of their purity, however, cannot be made 
until the spectrophotometric measurements can be reinforced by other analytical 
determinations. 


Collins, Love, and Morton *! have also undertaken an analysis of retinas and 
rod outer limbs from cattle and frog in terms of dry weight rhodopsin content, and 
a number of phosphate fractions. They find that rod outer limbs contain little or no 
desoxyribonucleic acid, an observation which is presumably correlated with the fact 
that they have no nuclei. About 30% of the dry weight of the rod outer limb is 
made up of phospholipid. Separation of fragmented rod outer limbs into four 
fractions of varying densiiy reveals a considerable difference in the concentration 
of the various phosphorus compounds among the fractions, even though the 
rhodopsin content is similar in all four. 

Khodopsins and Porphyropsins from Various Animals.—Squid rhodopsin has 
heen reexamined,”*? and found to be like vertebrate rhodopsins in many respects. 
It has a similar absorption spectrum, displaced a few mp toward shorter wave 
lengths from the known vertebrate rhodopsins. In the light it yields lumirhodopsin 
and metarhodopsin, which is in equilibrium with retinene and opsin. In vertebrates, 
the equilibrium between metarhodopsin and retinene and opsin lies toward the side 
of retinene at temperatures above about —-20 C.** In the squid, however, even at 
temperatures of about 15 C., the equilibrium lies far toward metarhodopsin at a 
pH below 6.5 and far toward retinene at a pl] above 10. The pl< of the transforma 
tion is about 8.5, suggesting that amino or sulfhydryl groups may be involved in 
the linkage of retinene to opsin in metarhodopsin. The aldehyde group of retinene 
seems also to be concerned with this linkage, as metarhodopsin is not attacked by 
hydroxylamine, a reagent which condenses almost instantaneously with the aldehyde 
group of retinene to form the oxime. 

Dartnall has described pigments of the tench, pike, and bleak.** In all three 
fishes he has found porphyropsin. But, in addition, he claims two new pigments, 
one in the tench, with an absorption maximum at 467 mp; the other in the bleak, 
with a maximum at 510 mp. Kampa, in a recent study of the tench pigment, 
however, finds that this fish has only porphyropsin in its retina.’* Dartnall, unfor- 
tunately, confined his examinations to the measurement of difference spectra (differ- 
ence in absorption before and after bleaching) of very impure retinal extracts. He 
never identifies the carotenoids liberated on bleaching, nor does he attempt to 
purify his so-called visual pigments sufficiently to make measurement of their direct 


spectra possible. His technique seems entirely inadequate to establish the claim of 


having found a new “visual pigment,” particularly in view of the fact that he simul- 

91. Collins, F. D.; Love, R. M., and Morton, R. A.: Studies in Rhodopsin: V. Chemical 
Analysis of the Retinal Material, Biochem. J. 51:669, 1952. 

92. St. George, R. C. C.; Goldstone, J. M., and Wald, G.: Squid Rhodopsin, Federation 
Proc. 11:153, 1952. 

93. Wald, G.; Durell, J., and St. George, R. C. C.: Light Reaction in the Bleaching of 
Rhodopsin, Science 111:179, 1950. 

94. Dartnall, H. J. A.: Visual Pigment 467: A Photosensitive Pigment Present in Tench 
Retinae, J. Physiol. 116:257, 1952; A New Visual Pigment Absorbing Maximally at 510 ms, 
ibid. 117:57P, 1952. 
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taneously withdraws a previous claim of another new pigment. The first requisite 
for a visual pigment is that it be active in vision, and this he has not even attempted 
to prove for any of his pigments 


Vitamin <1, and Retinene,.— The structure of vitamin A, and retineneg has finally 
been established and confirmed by total synthesis.“° Vitamin Ag is a dehydrovitamin 
A, containing a second double bond in the -ionone ring, and retinenes is the corre- 
sponding aldehyde. This allows one to speak with greater precision about the chemis- 
try of the porphyropsin system, which seems to be closely analogous to that of the 
rhodopsin system. The studies of Cama and co-workers “’ also bring our knowledge 
of the preparation and properties of retineney into line with what has been known 
for several years about retinene;. They have prepared a series of condensation 
products of retinene, with amino compounds, These tend to have their absorption 


maxima about 20 mp toward longer wave lengths than the corresponding compounds 


with retinene;. About the same difference in the absorption maxima has, of course, 
long been observed between the two types of vitamin A and retinene, as well as 
between rhodopsin and porphyropsin, : 


Cama and associates "* also find that retinenes, when fed to rats, is stored as 


vitamin A, in the liver. It does not, however, serve as an altogether satisfactory 
substitute for vitamin .\ in deficient animals. 


Reviews.—RKeviews on the photochemistry of vision have appeared in the 
ARCHIVES, as well as in the Austrian literature.”” A book has also been published 
by von Studnitz,'"" which covers much of the recent literature on this topic. It 
contains, however, many pitfalls, particularly in its discussion of cone pigments, and 
may therefore prove to be somewhat misleading to the uncritical reader, 


96. Farrar, K. R.; Hamlet, J. C.; Henbest, H. B., and Jones, E. R. H.: Studies in the 
Polyene Series: XLII. Structure and Synthesis of Vitamin A. and Related Compounds, J 
Chem. Soc. P :2657, 1952. 


97. Cama, H. R.; Dalvi, P. D.; Morton, R. A.; Salah, M. K.; Steinberg, G. R., and Stubbs, 
A. L.: Studies in Vitamin A: XIX. Preparation and Properties of Retinenes, Biochem. J. 
$2:535, 1952. 

98. Cama, H. R.; Dalvi, P. D.; Morton, R. A., and Salah, M. K.: Studies in Vitamin A: 
XX. Some Properties of Retinenes, Biochem. J. 52:540, 1952; Studies in Vitamin A: XXI. 
Reinenez and Vitamin Ae, ibid. §2:542, 1952 


99. Broda, F..: The Photochemistry of Visual Purple, Oesterr. Chem. Ztung 58:78, 1952 


100. Studnitz, G.: Physiology of Vision, Fd. 2, Berlin, Akademie- Verlag, 1952 
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Correspondence 


MYCOTIC INFECTION 


lo the t:ditor kor those ophthalmologists interested in an answer the 
criticism by Jan Schwarz ( Mycotie Infection, Correspondence, \. M.A. Arciives 
Ovuri. 492587, 1953) of my article entitled “Ocular Aspects of Mycotic Infection” 
(A. M. A. 472354-382, 1952), | submit the following comments, 
albeit with the feeling that no answer is often better for our .\merican medical litera 
ture than undocumented disputation over points of small importance, which should 
he relegated to the footnotes if published at all. However, the repeated statements 
that the original article was riddled with mistakes make a rebuttal necessary. 

The original article, documented with over 200 published references, and with 
several hundred others not published, remains subject to few changes even now, 
iore than three years after the basic survey was made. Changes in the classification 
of fungi, as seen from a study of “The International Rules for Botanical Nomencla 
ture,” come very slowly. Mycologic synonymy is itself a fascinating study, covering 
the historical as well as present-day changes in thinking on mycologic subjects 
Ophthalmologists can freely admit, along with the mycologists themselves, a certain 
amount of uncertainty and confusion in this category, but they will not, and neither 
can any one man, set up a classification that will be acceptable to all workers in this 
field. It is a mistake to try. 

Whether the synonyms for Pseudococcidioides and pseudococeidioidal granu 
loma are the same or whether Pseudococcidioides Mazzai and paracoccidioidal 
granuloma more properly compare the former is a fruitless controversy, because at 
least we ophthalmologists can use the terms Blastomycosis Brasiliensis infection or 
South American blastomycosis when we have occasion, without confusing it with 
coccidioidomycosis, the causative organism of which we may call Coccidioides 
immitis, or even Glenospora Loutsianoideum. 

The eritic took great issue with me over whether pathogenic fungi produce 
filaments, or hyphae, in the tissue. He stated that they do not produce such ele- 
ments; yet even in elementary biology classes in our high schools the reproduction 
of fungi is explained as depending on the production of one form of spore or another. 
Pextbooks explain that as the spore enlarges and germinates it sends out more “germ 
tubes,” or filaments, which eventually branch and are called “hyphae.” The further 
growth of these hyphae into a “mycelium” allows a portion of the mycelium to 
produce more spores, while another portion devotes itself to absorbing the food 
required for growth, 

lf we make our diagnosis of fungous diseases from the spores, we must admit 
that they can come only from their progenitors, and, indeed, this type of growth is 
classified under the phylum Thallophyta. 

The pathogenic fungi are called “imperfect” because they have an asexual method 
of producing spores, that is, by budding. By repeated budding, long chains of 
attached cells are formed, These are filaments but are called “pseudohyphae.” 

The “imperfect” fungi are the most important to man, and about them and their 
reproductive stages less is known. Some of them have been proved to have an 
ascospore stage, and this suggests that these fungi may have a perfect, or sexual, 
phase, as well as an asexual phase. Depending on cultural variations, one single 
fungus of this type, in pure culture, may have several spore types, allowing it to be 
placed in two or more genera. 

“Because the imperfect fungi are classified entirely by the type of asexual spore 
produced in, on or from the mycelium, they present many difficulties from the point 
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CORRESPONDENCHI 
of view of classification says one eminent, living authority. concerning 
this controversy (Conant, N. Fo, and others: Manual of Clinical Mycology. Phila 
delphia, W. B. Saunders Company, 1949, p. 292). 

It would seem to me that further discussion of this “mistake” could be left to 
the mycologists rather than that the ophthalmologists be urged to get a Ph.D. degree 
in mycology in order to judge for themselves 

Phe only remaining point worthy of bemg answered in this carefully worded 
criticism has to do with histoplasmosis. The author stated that it was a rare, and 
usually fatal, disease. Tle noted that 113 cases had been reported up to 1949. Text 
hooks stated, in 1949, that it had rarely been diagnosed before autopsy. 

If, as is emphatically stated by the eritic, itis a harmless disease (in 1953), some 
new and overwhelming evidence must have come to light since the publication of the 
paper. True, suggestions did appear in the literature that it night be a widespread 
disease (unrecognized), but they have not been contirmed in our literature nor by 
our public health agencies. | trust these reports will be confirmed soon, if they have 
not been already, but [| cannot accept such a fortunate circumstance (if true) as 
evidence of a “mistake,” made by me between 1949 and 1952. 

Henry L. Birck, M.D. 
664 Farmington \ve., Hartford 5, Conn 


PERIPHERAL FUSION 


lo the Editor:—Central and peripheral fusion is now a live subject, and 
Dr. J. E. Winkelman’s stimulating contribution in the August 1953 issue of the 
\RCHIVES Is a welcome addition. ‘There are, however, a few points in the article 
which are a bit obscure and which may need clarification by the author. [1 shall 
touch upon only one point. In his experiments on peripheral retinal rivalry, or 
fusional movements, the author presented two ditferent targets to the temporal 
halves, and also to the nasal halves, of the two eyes. But these regions are not 
corresponding regions and would show neither retinal rivalry nor fusion. 

The innate directional values of the retinal elements in the right temporal retina 
are toward the leit side of the visual field, while the innate directional values of the 
retinal elements in the left temporal retina are toward the right side of the visual 
field. These areas are normally bombarded with images of different objects and 
create no rivalry, except perhaps fluctuating attention from one or the other object 
in the peripheral field. .\ similar situation exists for the two nasal halves of the 
two eyes. For retinal rivalry we must have corresponding retinal elements, that is, 
those which have a common direction. If the two images are incompatible, such 
as the author’s skull and grating, one or the other is suppressed, though occasionally 
both may be seen, one behind the other. 

The observed movements of convergence and divergence must be due to some 
factor other than retinal rivalry, possibly akin to the stimulation for convergence 
from bitemporal stimulation of an object within the point of fixation, or to the 
stimulus to divergence from binasal stimulation of an object beyond the point of 
nxation. Joseru Pasear. M.D. 

37 W. 97th St 
New York 25 
AQUEOUS VEINS 


lo the Editor:--Dr. Ascher’s invaluable observations on aqueous veins lend 
considerable respect to his views on their role in the ocular circulation, and | have 
read with great interest his review of the present status of aqueous veins in the 
\pril issue of the Arcuives. | feel, however, that in citing my own small contribu- 
tion to knowledge of the phenomenon of blood reflux in the canal of Schlemm (page 
446) he may have been misled. 


M. A. ARCHIVES OF OPHTHALMOLOGY 


My 1949-1950 observations with a Goldman gonioprism, adapted to produce 
scleral pressure, showed a blood reflux into the canal of Schlemm in a number of 
eyes exhibiting signs of chronic simple glaucoma, and my later experience has not 
led me to believe that these cases were exceptional. It would be incorrect, in my 
view, to cite this finding, as Dr. Ascher does, as evidence that blood rarely appears 
in the canal of Schlemm in glaucomatous eyes. 


Mr. H. Hones, M.B., B.S. (Lond.) F.R.C.S. (Eng.) 
9 Queen Anne St., London W.1. 


To the I:ditor:—I Nave been highly impressed by the important contribution we 
owe to Mr. Hobbs. 1 should try to explain why my interpretation of this study on 
the canal of Schlemm ditfers from his. During gonioscopy Mr. Hobbs saw blood 
enter the canal in all of 12 normal subjects (Brit. J. Ophth. 342492, 1950). Of 26 
glaucomatous patients, definite appearance of blood occurred in 16 and appearances 
suggestive of blood in 5, and in 5 others no blood was seen (page 493). This result 
was achieved (a) by adding to the scleral surface of the posterior lip of the gonio- 
prism a rim 0.75 mm. thick and 1.0 mm. broad, and (/) by maintenance of pressure 
for a few minutes until, in some eyes, minute streams of blood were seen to issue 
from the canal into the anterior chamber. A ring of edematous conjunctiva was seen 
on removing the instrument (page 492). 

Irom this description, | got the impression that every effort was made to force 
blood into the canal. li this was not what the author intended, | unintentionally 


misunderstood him. Accom MD 
5 West 4th Street, Cincinnati 2, Ohio 
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News and Comment 


GENERAL NEWS 


Concilium Ophthalmologicum Universale.—.\ mecting of the International 
Council of Ophthalmology was held in Paris on June 20 and 21, 1953. There were 
present Sir Stewart Duke-Elder (president), Dr. Conrad Berens (vice-president), 
Dr. Ikdward Hartmann (secretary), Dr. Mare Amsler (treasurer), Dr. Paul Bail- 
liart (president, International Association for the Prevention of Blindness), Mr. 
A. F. MacCallan (president, International Organization Against Trachoma), Dr. 
M. I. Alvaro (Brazil), Dr. G. Bietti (Italy), Dr. J. Charamis (Greece), Sir 
Jamshedji Duggan (India), Prof. Holger Ehlers (Denmark), Mr. Frank Law 
(Great Britain), Prof. W. Lohlein (Germany), Dr. Bernard Samuels (United 
States), Dr. G. Stuart Ramsey (Canada), Dr. Edmond Velter (France), Dr. Adrien 
Fritz (secretary for Internationalizations ), and Dr. A. C. Copper (secretary for the 
Index Ophthalmologicus ). 


Apart from routine matters, the main business of general interest concerned the 
following : 


1. Seventeenth International Congress of Ophthalmology. It was unanimously 
decided that the scope of this Congress might be extended to become a Canadian- 
American Congress, to be held from Sept. 10 to 17, 1954, the Sept. 10 and 11 session 
to be held in Canada (possibly Montreal) and, as previously arranged, the Sept. 12 
to 17 session in New York. Full particulars will be published in the immediate 
future by the Executive Committee of the Congress in the United States. 

The Council accepted the invitation of the Council for International Organiza- 
tions of Medical Sciences to hold a symposium on the subject of glaucoma in asso- 
ciation with this Congress. 

? 


International Standards. The reports of the commissions dealing with Inter- 
national Standards for Colour Vision, ‘Tonometry, and the Visual Requirements for 
Various Forms of ‘Transport were finally accepted. Adequate standardization of the 
light sense was considered impracticable, and the activities of this commission were 
closed. “Vhe commission dealing with the International Standardization of Visual 
Acuity (Optotypes) was given a further year to produce an agreed report. An 
interim report was received from the commission studying ophthalmological educa 
tion in various countries. 
3. Index Ophthalmologicus. Arrangements were made for the publication of the 
Index and its sale at the Seventeenth International Congress. It is proposed that 
this Index will be more comprehensive and useful than hitherto; it will contain the 
names and addresses of ophthalmologists in most countries of the world, as well as 
a list of ophthalmic hospitals, journals and other information of ophthalmologic 
interest, and a resume of the activities of the Council. 
4. The International Ophthalmological Dictionary. It is hoped that this dic- 
« tionary of ophthalmological terms in Ienglish, French, German, Spanish, Italian, and 
Latin will be available at the Seventeenth International Congress. 


5. New statutes governing the International Federation of Ophthalmological 
Societies, the International Couneil of Ophthalmology, and the International Con- 
gresses were finally adopted by the Council for presentation to the meeting of the 
Federation, to be held in Canada in 1954. 

6. The Gonin Medal. The Council awarded the Gonin medal to be presented at 
the opening ceremony of the Seventeenth International Congress to Sir Stewart 
Duke-Elder. 

7. It was decided that the surplus money from the Sixteenth International Con- 
gress should be used to assist persons to attend the Seventeenth International 
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Congress who would make a contribution to this Congress but who would be 
precluded from attending it for financial reasons. The distribution of the money was 
entrusted to the president, the secretary, and the treasurer of the International 

The resignation of Prof. \W. Lohlem from the Council was regretfully 
accepted, and Prof. Rudolf Thiel was elected in his place 

Phe next meeting of the Council will be held in Canada in September, 19354 


Kpwarp HARTMANN, secretary, 2, \wenue Ingres, Paris, svime 
~ 


Seventeenth International Congress of Ophthalmology. [nternational 
Couneil of Ophthalmology on June 20 extended the scope of the Seventeenth Inter 
national Congress of Ophthalmology, which was scheduled to be held in New York 
in September, 1954. In addition to the program already arranged for the New York 
meeting, there will be a two-day session in Montreal, Canada, on Friday and Satur 
day, Sept. 10 and 11. The Congress will reconvene in New York on Monday, Sept 
13, and continue through Friday, Sept. 17. The registration fee will cover both the 
Montreal and the New York sessions. 

Details of the two meetings have not been fully developed and wall be announced 
later. Preliminary announcements, including forms for registration, for travel and 
hotel reservations, and for submitting contributions to the program, have been 
mailed to all ophthalmologists in the world whose addresses we have obtained. These 
applications should be completed as soon as possible, particularly by those from 
overseas. Foreign guests who expect to attend both the Montreal and the New York 
sessions should apply now for a United States visa, as well as a Canadian one. 

\dvance registration and the administrative affairs of the Congress will be 
handled through the office of the secretary-general, Dr. William L.. Benedict, 100 
First Ave. Bldg., Rochester, Minn. There will, of course, be close liaison between 
the Canadian and the United States organization. 

The extension of the Congress will add luster and importance to what already 
vives promise of being one of the most stimulating of international medical gather 
ings. It means that the ophthalmologists of Canada join those of the United States 
in acting as hosts to colleagues from all parts of the world 


Estelle Doheny Eye Foundation Lecture. !he fourth Iestelle Doheny Eye 
Foundation Leeture will be delivered on Thursday evening, Nov. 5, 1953, at 8 
o'clock in the Los Angeles County Medical Association Building, 


Dr. Frederick C. Cordes, clinical professor of ophthalmology at the University 
of California School of Medicine, San Francisco, will deliver the lecture. His subject 
will be “Eendoerine Evaluation.” 
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in 25mm 
width 


Now a standard stocked design in 


Titmus Straight Top Trifocals 


A new star is born! It’s the 7mm intermediate trifocal in a 25mm 
width, formerly a special factory order. The ever increasing popularity 
of this trifocal has made it a Titmus standard stocked lens . . . ready 
for immediate delivery! 

For the average patient, the 25mm width is neither too large nor 
too small and provides a comfortable reading area. The 7mm inter- 
mediate allows a wide field of vision without encroaching too much 
on the distance portion of the lens. For these reasons, more and more 
lenses of this design are being prescribed daily. 

As in all Titmus Trifocals, this style lens has the following quality 
features: 

OPTICAL FINISH: Pitch polished. 
OVERALL SIZE: 55mm sq. x 60mm diagonal. 
BASE CURVES: +-6.50, 7.50 and 8.50. 
READING ADDITIONS: 1.00 through +3.00 in D. 
INTERMEDIATE POWER: 50°, of reading addition. 
DECENTERED: 2 mm. 
In White and SEGMENTS: Barium glass for minimum color. 
Velvet-Lite A & B. OPTICAL CENTER OF SEGMENT: 2mm down in reading. 


y 
OPTICAL COMPANY, INC. 


PETERSBURG, VIRGINIA 
TITMUS STRAIGHT TOP TRIFOCALS 
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THE | BRAWNER G-L 
A Medern Iuclusion Implant 


Designed to: 


© Simplify the operation — Eliminate muscle isolation 
® Furnish satisfactory prosthesis motility 
® Have no exposed face — Full inclusion 
® Minimize the possibility of extrusion 
® Reduce patient's post-operative discomfort 


® Shorten post-operative hospital time 


information, including description, 


prices and operative technique, as sug- 
Dr. Brawner, will be sent on F Labora tor 
Inc. 


737 East Main Street 
Richmond 19, Virginia ' 


THINGS YOU DONT SEE 


Night Driving Demands THANK ME FOR THE ex 


le 


Reg. U.S. Pat.On. 


OPHTHALMIC LENS COATING 
“There IS a Difference” 


Reflections from eye-glass surfaces are most distracting 
while driving at night. Light reflected between the front 
and back lens surfaces and between the cornea and lens 
surfaces intensifies the glare of oncoming headlights, re- 
ducing the driver’s visual discrimination. For easier, safer 
night driving, always preseribe Lestra-Lite. 


Origin of Ghost Images in a Myopic Eye a 
eo” Eyes In The Back Of Their Head???, 


5 = Such a condition could have its advantages—but 
& ~ “a persons shouldn’t see things behind them in the 
Ghost Image - surface of their glasses—their eye lashes, eye- 
brows, ete. MAY-O-LITE coated lenses will help 
eliminate annoying “GHOST” reflections of things 
behind a person. 


Complete Your Professional Service By Adding 
Reduction of reflection at these surfaces effectively subdues 
ghost images on retina 


FAST LESTRA-LITE Lenses processed and re- | The Best in Sight 


turned via prepaid airmail | 
SERVICE same day MAY-0O-LITE 


Write for half-coated Lestra-Lite Sample and Literature. Rew Costing 


Pris ComPoRATON 


58 Vista Avenue - Pasadena 8, Calif. 
130 Bush Street * San Francisco 4, California 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 
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431b 435 435b 


Keratoplasty Instruments 


43la* Trephine, Corneal Transplant, Castroviejo. 


SPECIAL FEATURES: 


Abrupt bevel extending from cutting edge. 
Plunger completely fills inside of cutting blade. 

3. Stops are curved to adapt to the corneal curvature. 
4. One turn of stop moves it 1 mm. for easy adjust- 
ment. 


Sizes: 5-5'4-6-614-7-8-9-10 and 11 mm. 
431b* 5 small sizes and handle in plastic case......$ 
432* 4 large sizes without handle in plastic case... 
434* Trephine, Corneal Transplant, GUYTON: 

I 

permanent inside stop 2 mm. from edge. Made 


either for dental engine or Elliott chuck 
handle 


435* Trephine, Corneal Transplant, KATZIN : one 
piece with adjustable inside stop and forefinger 
plate. Extra blades, same size as instrument 
can be had. Sizes 5 through 10 mm..... Each 20.00 


435b* Trephine, Corneal Transplant, PATON: new 


model, sizes 5, 6, 7, 8 and 10 mm....... Each 25.00 


438* Scissors, KATZIN: for corneal graft, to com 
plete the corneal section after trephining. 
Blunt tipped curved end the size of button, 
curved right and left. Spring action....Each 19.50 


475* Scissors, Corneal, CASTROVIEJO: curved.. 20.50 
*DESIGNATES STAINLESS STEEL 


Justrument Company 


4570 AUDUBON AVENUE ST. LOUIS 10, MISSOURI 
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The New 
HARRINGTON 
TONOMETER 


This 


is an extremely accurate instrument. 


The dial has three scales, the outer being 
the expanded Schiotz scale, 0 to 20, the 
middle and inner scales being direct 
readings in millimeters of mercury for 
the 5.5 and 7.5 gram weights. 


10 and 15 gram weights are included, 
with conversion table. 


Descriptive leaflet sent on request. 


Fully guaranteed 


PARSONS OPTICAL LABORATORIES 


518 Powell Street San Francisco 2, Calif. 


NEW 1954. 
VICTORY 
CATALOGUE 


more complete, more 
= styled line of frames 
than ever before! 


Send for it today! 


Victory Optical Mfg. Co., Inc. 
9 Mulberry Place, Newark, N. J. 


Please send me immediately the new 1954 
catalogue pages ready for insertion in my loose- 
leaf Victory catalogue binder. 


| [| Check here if you need a binder replacement. 


The Berman Metal Locator 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids. 
Probing or physical contact with the foreign body is 
not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “pin-point” accuracy within the incision 
and postoperative check. 

Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


BERMAN LABORATORIES 


534 West 42nd Street New York 18, N.Y. 


= | | 
“4 | 
= 6 '3 8 14 
/ 10. 7 
7 
} 
| 
| 
NOW 1 | 
| 
> 
NAME 


Yes, those who serve only the finest of foods often have the nicest garbage. 


Univis, too, has some very fine garbage. Not food, of course, but lenses good enough 
perhaps to “get by,” but not good enough to measure up to Univis standards which call 


for an instrument detecting accuracy to 25 millionths of an inch.* 
Not everyone has such nice garbage. We're proud of ours. Lenses that are just “good” go to the 
scrap heap, happily kept small by stringent quality control during production. The 


ones you get are better—the best in the industry. 


R UNIVIS—INSIST ON UNIVIS. 


*The latest unique Univis Quality & a 
Control Device is the Unichrometer, ivi S$ 
capable of detecting accuracy to twenty- 

five millionths of an inch! Your Univis 


representative will be pleased to de- THE UNIVIS LENS COMPANY + DAYTON 1, ONIO 
scribe this device to you 
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De you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N.Y. 


‘T= Polyvinyl Sponge is a Four Sided Pyramid 
measuring 20 m.m. along each base and also in height. 
The apex of the pyramid is the posterior and 

conforms itself to the apex of the muscle cone. The 


implant has a soft texture which is easily compressed 


but will retain sutures. It is sterilized by autoclaving. 


polyvinyl Sponge Implant as presented at the 57th annual 
plastic sponge meeting of the American Academy of 


Ophthalmology and Otolaryngology by Maurice J. 


implant Pearlman, M.D. of Illinois Eye and Ear Infirmary. 


serving, Mager aud Gougelman, ine. 


profe 
all Since time 30 NORTH MICHIGAN AVENUE + CHICAGO 2, ILLINOIS 


DETROIT © CLEVELAND * KANSAS CITY * MINNEAPOLIS * NEW ORLEANS ° ST. LOUIS 
NEW YORK © BOSTON © BUFFALO ® PHILADELPHIA © PITTSBURGH * WASHINGTON 
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THE NEW Rodenstomk 
EYE-REFRACTOMETER 


Excellent for the objective determination of refrac- 
tions of the human eye, the Rodenstock eye-refrac- 
tometer permits instantaneous readings of spherical 
and cylindrical refractions including inclination of 


the axis 
‘ It enables you to diagnose objectively problem cases 
like children, illiterates and cases of pin hole pupils, 


as size of pupil has no effect on efficiency. Elimi- 
nates time consuming basic diagnosis so tiring to the 
patient. Particularly helpful in difficult cases of 
strong astigmatism, extremely weak vision, sensitive 
or nervous patients. This instrument tends to stim- 
ulate the patient's confidence in the doctor as well 
as self-confidence of the patient. 
Range from plus 20. OD to minus 20. OD 


This is truly an instrument of the future available to you today! 


The KRAHN Slit Lamp 
Binocular Microscope (HSE) 


One-hand control lever (joy-stick) for all direction 
positioning 

Combined adjustability for Slit Lamp and Micro- 
scope with constant focus 

Same center level for slit and microscope of every 
axial rotation 

Hruby lens 

Brilliant illumination 

Sharply defined vertical and horizontal slit 
Interchangeable to Binocular Ophthalmoscope 


The Slit Lamp gives a sharp-edged limited slit image and 
its light intensity ts outstanding. The width of the slit is 
variable, may be narrowed down to the pin-point, completely 
closed or developed in a horizontal slit. 


Fitted on instrument plate with glass top 12” x 16” 


@ Range from plus 25. 


@ Fast, 


@ Read 


@ Marking device marks 


@ Dustproof construction 


Rodenstok vertex 
REFRACTIONOMETER 


Unexcelled for 
measuring all 
types of 
lenses. 


OD to minus 25. OD 
accurate, ad 
vanced optics” with 
sensitive test-mark 
power, axis 
prism, prism base at 
a glance in the field 
of view ocular, simul 
taneously focusing 
test-mark 


the cylinder axis ac 
cording to RX 


in attractive housing 
of streamlined de 
sign 


ANTON HEILMAN 

75 Madison Avenue, New York 16, N.Y. 
i Send catalog on: 

| | Rodenstock Eye-Refractometer 
| Rodenstock Vertex Refractionometer 

| | Krahn Slit Lomp Binocular Microscope (HSE) 


| NAME 
4 ADDRESS 
CITY STATE 
AO-1053 
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Pilocarpine and other miotic 
solutions for glaucoma therapy 


e sterile + isoosmotic where possible 
+ buffered for maximum stability — + of low surface tension 

quality-controlled ready-to-dispense 

+ preserved against contamination 


Now Available 


Pilocarpine HCl. '2%, 1%, 2%, 4% (in ecylate ‘4% (in 7.5 cc. sterile, sealed 
15 ec. sterile, sealed dropper bottles) dropper bottles) 

Eserine Salicylate %%, “%%, %% (in Pilocarpine HCl. 2% plus Eserine Sali- 


= 


7.5 ec. sterile, sealed dropper bottles) 


cylate %2% (in 7.5 ce. sterile, sealed 
Pilocarpine HCl. 2% plus Eserine Sali dropper bottles) 
Note: ISO-SOL Eserine Salicylate solutions will not discolor 


Write for a descriptive list of all ISO-SOL products. 


THE ive. 


130 Flatbush Avenue. Brooklyn 17. New York 
Pioneer specialists in sterile ophthalmic pharmaceuticals 
In Canada: Ranar Co., 1245 St. Catherine st. W., Montreal, Canada 


Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO LITTED FROM STOCK 
Plastic ov Glass Selections Sent on Memorandum upon Request 
Implants ana Plast Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 
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For Green’s Refractor 
The Phoro-Lenscorometer 


For use with Green’s Refractor to measure 
vertex distance, just clear instrument of 
lenses, place Phoro-Lenscorometer through 


opening, making contact with patient's 


DISPENSING SERVICE 


109 N. Wabash, at Washington 


9th Floor STate 2-5362 
CHICAGO, ILL. (Formerly Belgard, Inc.) 


SIMPLIFIED ASTIGMOMETER 


PLASTIC 
WASHABLE 
“NO COMPUTATION REQUIRED” 


NEW— Stereoscopic Cards 


by GUIBOR 


Can be used with the Stereocampimeter, Synopto- 
closed lid nd read direct. No comput- scope, Rotoscope and similar instruments; also with 
ing necessary. regular stereoscope For adults and children 

Each $12.75 Set $4.75 


(Lebensohn) 


Send for Literature 


EACH $9.75 


OPHTHALMIC 
OPTICIANS 


Kk SERVICE 


\oP Medical Center Office 


1920 W. Harrison St., at Ogden 
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NEW 
TONOMETER STERILIZER 


ALL PLASTIC CONSTRUCTION, HOLDING COMPLETE 
TONOMETER AND ACCESSORIES. 


PRICE $10.00 


ADVANTAGES ARE— 

TONOMETER ALWAYS IN POSITION FOR USE. 
LESS HANDLING OF INSTRUMENT. 
TONOMETER ALWAYS— 


CLEAN 
DUST FREE 


MFG. BY 


R. O. GULDEN 


4920 N. LAWRENCE ST. PHILADELPHIA 20, PA. 


The New and Improved Medel Js Now Ready 


THE NEW MUELLER 
Electric 
CORNEAL TREPHINE 


Balanced—Light In Weight 
Smooth, Clean Cutting 
Complete With Its Own 

Special Battery Box 


Beautifully, precisely built and balanced, this gives you instant start or stop of the trephine 
new model has a specially designed little motor blade. Complete in fitted case with two cut- 
of unusual smooth power for quick, clean cut- = ‘ : 
ting, even with the larger sizes of transplant ting blades, 1.5 mm. and 2 mm., and including 
cutters. A convenient finger control switch special long-life battery box. $97.50. 


ORDER DIRECT FROM 
Instrument Makers To The Profession Since 1895 


Oe & 330 SOUTH HONORE STREET 
“Mueller & CHICAGO 12 ILLINOIS 
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Here’s “DOUBLE A” protection for 
ATHLETES (NACTION/ 


A. EXTRA STURDY ALL-METAL FRAME 

B. “CUSHION FIT” SHOCK ABSORBENT RUBBER NOSE PIECE 

C. ENDS AND TEMPLES COVERED TO PROTECT OTHER PLAYERS 
D. DROP-BALL TESTED SAFETY PRESCRIPTION LENSES 

E. EXPANSIBLE, ADJUSTABLE “GLASS GARD’* HEADBAND 


@One Price for All Prescriptions up to and including 7 Diopters—Case Included 
@Order Complete Sample Available at Nominal Cost or Write for Further Information 


For your protection and ours, look for the trademark «4 on 
the lenses of every pair of AZZ AMERICAN * Athletic Glasses. 


*Pat. Pend. 


PRACTICAL AND COMFORTABLE ON ALL NOSES FOR ALMOST EVERY SPORT 


SINCE 1913 Executive Offices e Minneapolis, Minnesota 


| Complete Laboratories at Minneapolis, Minn.,and... 


Aberdeen, S. D. Bemidji, Minn. Dickinson, N. D. Iron Mountain, Mich. New UlIm, Minn. Superior, Wis. 
Albert Lea, Minn. Billings, Mont. Duluth, Minn. Ironwood, Mich. Rapid City, S. D. Wausau, Wis. 
Ames, lowa Bismarck, N. D. Eau Clatre, Wis. La Crosse, Wis. Rochester, Minn. Williston, N. D. 
Beloit, Wis. Brainerd, Minn. Huron, S. D. Miles City, Mont. Stevens Point, Wis. Winona, Minn. 
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THE “LACRILENS” * IS A SAFE LENS 


The Test Of Time Proves That The 
“LACRILENS”” Contact Lens Can Be 
Worn For Long Periods Of Time In 
Aphakia And In All Sports, Including 


Swimming. 


WRITE FOR BROCHURE 


Wug Laboratories Dre. 


49 EAST 5ist STREET * NEW YORK, 22, N. Y. 


Manufacturers of all types of Contact Lenses 


BRANCHES IN & 
PHILADELPHIA MONTREAL JOHANNESBURG a 
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SHURON OPTICAL COMPANY, INC. 
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If, on close examination, it’s hard to 
find a difference in leading cigarettes, 
here’s a fact that still meets the eye— 
the big difference is taste. . . . that’s 
why OLD GOLD is glad to leave nose 
and throat cures up to you doctors. 
We stick to being tobacco men... 
not medicine men. We cure just one 
thing: The world’s best tobacco—to 
give you today’s greatest smoking 
pleasure in OLD GOLD Cigarettes. 


Old Gold 


CIGARPTTIES 
TUNE IN HERB SHRINER in “Two for the Money” on radio and television Old Gold | KING SIZE 


CICARETTES 


For a Treat 
instead of a Treatment... | _ 


smoke id Golds 


SAME FAMOUS BLEND IN BOTH REGULAR AND KING SIZE! 
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Can't Help 
THESE People! 


Better light — better sight! 

According to lighting engineers, the public 
doesn’t have enough light for efficient vision 
indoors, so for many years they have striven to 
raise the level of indoor illumination — and with 
excellent results for the general public. 

People who are light-sensitive, however, pose a 
special problem when illumination levels are thus 
raised. There may be too much light for their 
visual comfort. These are the people whose special 
problem may be reflected in visual discomfort in 
spite of correct application of spheres, cylinders 
and prisms — these are the people lighting engi- 
neers cannot help. 

For restoring efficient, comfortable vision to 
light-sensitive eyes, it is necessary to reduce the 
quantity of light entering the eye, without appreci- 
ably altering the quality. 


Soft-Lite Lenses accomplish this result with a 
transmission which closely parallels that of white 
crown glass, except that more light is absorbed, 
according to the Soft-Lite density prescribed. The 
refractionist has, therefore, the means at his com- 
mand to reduce unwanted light and glare to a 
level which the light-sensitive eye can tolerate. 


Many methods are used in order to determine 
light-sensitivity; symptom questions, case histo- 
ries, working conditions. In addition, many prac- 
titioners have found the Soft-Lite TCA* to be 
helpful. Why not ask your Soft-Lite Distributor 
Representative about the TCA? 


*Soft-Lite Trial Case Accessory — used to check 
for absorptive needs during the course of the actual 
refraction. 


a standard, when prescribed in ORTHOGON! 
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CUSTOM TRIM ON 


Perfect in color balance and materials. 
Excellent for patients whose hair 
is tinged with grey. 


YOU'LL SAY 


Ask your supplier to show you 
this white gold-filled (1/10-12K) frame 
with the new No. 25 skull temple. 


ART-RIM 
The classic frame for men 
in 1953. Smart to look at, comfortable 
to wear... easy to fit! 


ART-C RAFT OPTICAL co. INC. | 


DISTRIBUTED oy 


URAFT OPTICAL SOUTHEAST: INC 
CRAFT OPTICAL WEST COAST, INC. 
CRAFT OPTICAL OF THE SOUTH, INC. 
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Leading 
MANUFACTURE 
a ART CRAFT OPTICAL OF NEW YORK CITY, INC ART ART CRAFT OPTICAL MIDDLE ATLANTIC, INC 
ART CRAFT OPTICAL OF PHILADELPHIA, T CRAFT OPTICAL SOUTHWEST, INC» ig 
ART. CRAFT OPTICAL OF CHICAGO, INC ART. ART CRAFT OPTICAL OF CANADA, LTD 
CRAFT OPTICAL OF NEW ENGLAND, INC ART CRAFT OPTICAL NORTH CENTRAL, INC ART CRAFT OPTICAL INTERAMERICANA. INC 
ART CRAFT OPTICAL MIDWEST, INC ART CRAFT OPTICAL OF ROCHESTER, INC CRAFT OPTICAL EXPORT CORP 


new 


Neo-Synephrine hydrochloride 
ophthalmic viscous solution 10° in 
collapsible tubes of oz. 


spreads evenly 
adherent 

clear 

stable 


HYDROCHLORIDE 


WINTHROP-STEARNS INC. 


NEW YORK 18, N.Y. ®© WINDSOR, ONT. 


Neo-Synephrine, trademark reg. U. S. & Canada, 
brand of phenylephrine 


CONJUNCTIVITIS 


1/8% solution. 


For rapid relief of congestion, itch- 
ing, smarting and lacrimation. 


REFRACTION, OPHTHALMOSCOPY 
25% solution. 

For prompt and short acting mydriasis 
virtually free from cycloplegia. 


UVEITIS, POSTERIOR SYNECHIAE 
10% solution (plain or viscous) or 
10°% emulsion. 

For freeing recently formed posterior 
synechiae as well as for prevention 
of synechiae formation in uveitis 
(with atropine ) 


\he 


GLAUCOMA (certain cases and tests) 
10% solution (plain or viscous), 
10% emulsion or 2.5% solution. 

For temporary reduction of 
intra-ocular tension and for the 
provocative test for angle block 


SURGERY 
2.5% solution or 10% solution (plain 
or viscous ). 
For short acting powerful mydriatic 
effect, applied 30 to 60 minutes 
preoperatively. 
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